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Dual-Slot Hot Swap 

The Naturally Integrated Solution for AdvancedMC^'' 



The TPS2358/9 dual-slot controllers from Texas Instruments manage two 12-V rails and two 3.3-V 
rails for Advanced Mezzanine Cards in ATCA, pTCA or custom systems. These devices are easy- 
to-use ATCA/|jTCA-compliant solutions with hot swap, ORing and status indicators for all four 
paths. Optional I^C interface provides programmability and monitoring with the highest integration, 
flexibility and performance in one small package. That's High-Performance Analog»Your Way™ . 



industry's first compieteiy integrated duai-siot, hot-swap 
controiiers for Advanced iVIezzanine Cards 




Se.e. www.ti.com/tps2359 1.800.477.8924 ext. 4476 

Qet samples and data sheets 
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Hundreds-of-thousands 
of parts in stock. Visit 
www.digil(ey.com today 
to see how many! 




Quality Electronic Components, Superior Service 



Digi-Key Corporation purchases all product 
directly from Its original manufacturer . 



*New product added daily. 
© 2008 Digi-Key Corporation 



www.digikey.com 

1.800.344.4539 

701 Brooics Ave. South • Thief River Fails, iVIN 56701 • USA 



Enter the New World of Bourns 



Automotive Sensors 
Circuit Protection Solutions 
Magnetic Products 
Microelectronic Modules 
Panel Controls & Encoders 
Precision Potentiometers 
Resistive Products 



The world of Bourns has grown. An expanding world focused 
on exceeding our customers' needs. New innovative products 
and technologies. Expanded application solutions. Plus a 
worldwide team of technical experts to facilitate the design 
process and solve tough application problems. All provided to 
help customers shorten design cycles 

and achieve faster time-to-market. 

^^^k Bourns, we have grown to serve 
^^^^^^ better. Step in - explore the 

4,^^ world of possibilities from 

^^f* Bourns today: 

www.bourns.com/newworld 




O Bourns - the company you have relied on for more than 60 years. 




Built on Trust... Based on Innovation 



Lowest Power High-Speed Amps 

Fastest Dual Amplifier Portfolio Under 2mA 

High-Performance Analog»Your Way™ 




1 1.5 
Max. Quiescent Current (mA) 



Tl's low-power, wide output swing, dual-cliannel, voltage and current feedback operational amplifiers 
deliver excellent bandwidth and slew rate, along with the industry's best quiescent current consumption. 
Whether you're designing for portable instrumentation, analog-to-digital buffers or low-power signal- 
chain applications, Tl can provide your design with the performance characteristics required to win in the 
marketplace. That's High-Performance Analog»Your Way^''. 




|pevice 


Description 


0PA2889 


250-V/ps voltage feedback amplifier consumes only 550 pA of Iq/cIi. Device supports 1 1 5-MHz bandwidth with supply 
voltage range of 2.6V to 1 2V and includes power-down option. 


0PA2890 


400-V/|js voltage feedback amplifier consumes only 1 .25 mA of lo/ch. Device supports 250-MHz bandwidth with supply 
voltage range of 3V to 1 2V and includes power-down option. Available in single channel (0PA890). 


0PA2683 


540-V/ps current feedback amplifier consumes only 1 .05 mA of lo/ch. Device supports 200-MHz bandwidth with supply 
voltage range of 5Vto 12V and includes power-down option. Available in single channel (0PA683). 


0PA2684 


780-V/ps current feedback amplifier consumes only 1 .95 mA of lo/ch. Device supports 250-MHz bandwidth with supply 
voltage range of 5Vto 12V Available in quad-channel (0PA4684). Also available in single- and triple-channel (0PA684, 
0PA3684) with power-down feature. 



www.ti.com/lowpoweramps 1.800.477.8924 ext. 14518 

Get samples and evaluation modules 



^Jtil Texas 

^ Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. 2144A0 © 2008TI 



Bolder Views 



Introducing 

TFT LCD screens from 
Tianma Microelectronics. 
Give brilliance 
to your device. 



www.tianma.com 





Partial Product List* 



Size 


7" 


3.5" 


2.83" 


2.4" 


2.2" 


Display Color 


Full Color 


262K/16.7M 


262K 


262K 


262/65K 


Resolution 


480*234 


320*240 


240*320 


240*320 


176*220 


Technology Type 


a-si TFT 


a-si T^ 


a-si T^ 


a-si T^ 


a-si TFT 


Pixel Configuration 


RGB stripe 


RGB stripe 


RGB stripe 


RGB stripe 


RGB stripe 


Display Mode 


TM,NW 


TM,NW 


TM,NW 


TM,NW 


TM,NW 


Viewing Angle 


(65,65,45,65) 
(L,R,U,D) 


(60,60,40,60) 
(L,R,U,D) 


(60,60,40,60) 
(L,R,U,D) 


(40,45,40,20) 
(L,R,U,D) 


(40,40,40,20) 
(L,R,U,D) 


NTSC 


50% 


50% 


50% 


60% 


60% 


Interface 


Analog 


RGB/CCIR 


CPU 


CPU 


CPU 


Chromaticity (x,y) 


(0.31,0.33) 


(0.31,0.33) 


(0.31,0.33) 


(0.31,0.33) 


(0.31,0.33) 


Backlight Source 


LED 


LED 


LED 


LED 


LED 


Luminance of White (YL) 


200 


350 


180 


200 


200 


Uniformity 


80% 


80% 


80% 


80% 


80% 


Response Time 


25 


25 


25 


25 


25 


Contrast Ratio 


400 


350 


350 


350 


350 



TIANMA USA 



*ISO 9001 Certified 




3.5" TFT LCD 



2.8" TFT LCD 



Tianma Microelectronics (USA) Inc. 1218 John Reed Court, City of Industry, CA 91745 USA Tel: (626) 336-8188 Fax: (626) 336-81 10 Email: info@tianma.com 






Automobile 
electronics seek 
to plug power leaks 

A Automobile accesso- 
XI ries and control elec- 
V-X I tronics benefit from 
power-management schemes to 
prevent dead batteries and gas 
guzzling. Low-power electronic 
subsystems are especially impor- 
tant for the next generation of 
electric cars and plug-in electric 
vehicles. by Margery Conner, 
Technical Editor 



Shrinking standards 
squeeze embedded 
designs 

A r~y As new embedded 
X I / designs combine highly 

I I integrated silicon, por- 
table platforms, and soaring data 
rates, the industry is adopting 
smaller form factors that emphasize 
cooling, reliability and performance. 

by Warren Webb, 
Technical Editor 
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Selecting video 
op amps 

^\ Video amplifiers have 
\ \ unique and demand- 
\J ing specifications. 
Understanding them will help 
you select an amplifier that can 
do the job. by Barry Harvey 

Intersil Semiconductor 



Bluetooth: sufficient 
fidelity even for 
average listeners? 

H| Applications require 
/ I video support and 
I additional audio chan- 
nels to cope with stereo, driving 
the need for low-latency codecs. 
Using a Bluetooth chip set sim- 
plifies development and enables 
the manufacturer to leverage the 
brand recognition that Bluetooth 
now enjoys among consumers. 

by Stephen Wray 
Audio Processing Technology 
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IDEAS 





Simple fixture statically tests programmable-gain amplifiers 
Control system uses LabView and a PC's parallel port 

General-purpose components implement USB-based data-acquisition system 
Small, simple, high-voltage supply features single IC 
CMOS DACs act as digitally controlled voltage dividers 
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system-level IP \ SERDES \ embedded memory \ system in package \ embedded microprocessor \ mixed-signal IP 



See farther down the road than ever before. 



Avoid risks with SoC ''Virtual Prototyping" before design start. 

Toshiba innovation now enables SoC customers to view a 
"Virtual Prototype" before design start*..with chip, package 
and PCB constraints*. Jong before conventional prototypes are 
available. This dramatically minimises risks, cuts costs and can 
reduce time-to-market by months. Toshiba's bold new capability 
further cements its leadership as an EDA/ design powerhouse for 
ASICs 65nm and beyond. In addition, our one-stop-shop model 
^^,^j(3i!i)i****L offers the flexibility of handoff from RTL to GDSII. 
i osHie* I For your next SoC project, look no further than Toshiba, 
\ ^^J one of the worlds largest SoC/ ASIC producers, and 

see farther down the road to success than ever before. 



P^^y ChipQuest 
^■IBHB.'^ On-line Game to win 
^m^jl^k a Noise Cancellation 
^^^^[^1 Headset, Wireless 

Internet Hot Spot 
Finder, or high-powered flexible 
LED light, (while supplies last), 
plus all players* will he entered 
in monthly drawings to win a 
Garmin GPS nuvi 200. Enter at 
SoCworld.toshihaxom. 



1 




I 



VIRTUAL MODEL SIGNOFF IM ABOUT 
4 WEEKS AFTER DESIGN START 

MINIMIZE RESPIN RISK 

REDUCE DIE/PACKAGE 

CO-OPTIMIZATION ITERATIONS 

BY NEARLY 5 MONTHS ^ 



I 



TOSHIBA 

Leading Innovation >» 




©2008 Toshiba America Electronic Components, Inc. All rights reserved. 
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All the power and flexibility 
of V*l Chip™ technology 
in a brick format 



A new, advanced modular power platform called 
VI BRICK™ — incorporating the superior technical 
attributes of VH Chip technology and robust packaging 
— is now available. 

VI BRICKs provide increased power capabilities 
and greater design flexibility. They 

• Simplify thermal management ^ 

• Come in a compact and low profile package 

• Are RoHS compliant and compatible with 
lead-free wave soldering processes. 



The VI BRICK family consists of: 

• Highly efficient bus converters (14 models) 

• Separate modules for both regulation (PRM) 
and transformation / isolation (VTM) (18 models) 

• High efficiency, power dense DC-DC Converters 
from 1.0 to 48 V(13 models) 

Learn what this new powerful, flexible and growing family 
of power products can do for you. For more information 
call 800-735-6200 or go to vicorpower.com/vi brick. 




TRANSFORMATION / ISOLATION 



FACTORIZED POWER ARCHITECTURE 



DC source: 



vicor power, com / \/KBFIICK 
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Check out these Web-exclusive articles: 

SiliconBlue launches company 
with new low-power FPGA 

The vendor claims its clean-slieet-of-paper 
design results in significant power sav- 
ings and eliminates external-configuration 
memory. 

^www.edn.com/article/CA656588 1 

Statistical-timing analysis moves 
from interesting to necessary 

TSMC's inclusion of SSTA (statistical- 
static-timing analysis) in its new reference 
flow signals the mainstream arrival 
of the technology 

- www.edn.com/article/CA6567942 

Direct-write e-beam system shows 
major promise for volume production 

In a paper delivered at the International 
Conference on Electron, Ion, and Photon 
Beam Technology and Nanofabrication, 
eShuttle lifted the curtain on a technology 
shift that could take the e-beam technol- 
ogy far beyond the world of prototyping. 
^www.edn.com/article/CA656551 4 

IBM cools 3-D chips with water 

Paving the way for green data centers, 
researchers in IBM's Zurich, Switzerland, 
labs have demonstrated a prototype that 
integrates a cooling system into 3-D chips 
that pipes water directly between each 
layer of stacked circuits and components. 
www.edn.com/article/CA6567679 

Toward a converged home network 

A single standard that could work in "any 
wire, anywhere in your home" will increase 
the total market size from "millions of units" 
to "hundreds of millions of units" per year. 
^www.edn.com/08061 2toc6 
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A selection of recent articles receiving 
high traffic on www.edn.com. 

Embedded x86: keystone 
of your non-PC design? 

x86 microprocessors may not have the 
absolute lowest power per megahertz, ab- 
solute highest performance per clock tick, 
or optimum code efficiency Bundle up the 
features, though, and the total "kit" often 
stacks up favorably versus the competition. 
^ www.edn.com/article/CA6562580 

Pointy tips: how to straighten bent 
oscilloscope-probe tips 

Howard Johnson's high-speed-oscillo- 
scope probes were bent so badly that they 
looked like elf shoes. Here's how he fixed 
them. 

www.edn.com/article/CA6562588 



Intel, Micron launch 34-nm, 32-Gbit 
NAND-flash memory at solid-state 
drives 

Chip giant Intel and memory leader Micron 
Technology roll out what they say is the 
first sub-40-nm NAND-memory device— a 
34-nm, 32-Gbit multilevel-cell NAND- 
memory chip designed with solid-state- 
drive applications in mind. 

www.edn.com/article/CA65651 14 



Intel's Montevina notebook 
chips delayed 

Microprocessor giant Intel confirmed there 
will be delays in the rollout of its upcoming 
Montevina-notebook platform, with the dis- 
crete iteration now shipping July 1 4 versus 
the initial target of late June. 

www.edn.com/article/CA6564602 
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Buck regulators with integrated MOSFETs 



simplify designs up to 25A/phase 



High efficiency 
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VoUT=1-8V 
_ V,N = 2.5V 
Vdd = 3.3V 
1 1 1 







































INPUT 
2.4V TO 3.6V 



PROGRAMMABLE 



IN 
EN 

LX 

VDD >I/I>IXI>I/I 

MAX8643 
MAX8646 PGND 




iREQ 



PWRGD 



1 

OUTPUT CURRENT (A) 



High output current 



INPUT 

4.5V TO 25V 'Tr 



Feature 


IVIAX8655 


Competition 


Output current (A) 


25 


12 


Input voltage (V) 


4.5 to 25 


4 to 24 


Package (mm x mm) 


8x8 


9x9 



SYNCHRONIZATION < 



20% smaller at twice the output 
current vs. competition 



PVIN 










EB 


EN 
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LX 




MAX8655 




ESYNC 










POK 


SYNCO 






REE IN 


PGND SS 


EN 



t ^ t t 



EXTERNAL 
REEERENCE 



OFF 



J 



ON 



Dual output flexibility 



OUTPUT 
1.8V, 3A/6A 



i 



SIMPLE 

COMPENSATION 



T 



OUTPUT 
0.7V TO 5.5V 
UP TO 25A 



• Fully protected 
•Tracking/sequencing 

• All-ceramic capacitor design 

• ISO"" out-of-phase operation 
reduces input ripple 

• 5mm X 5mm, 32-pin TQFN 
package 



VoUT1 

1.2V/1.8V 
3A/5A 



OFF 



J 



ON 




IN2 



FB1 FB2 
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MAX8833 
MAX8855 

PWRGD1 PWRGD2 
ESYNC PGND 



2.35V TO 3.6V 



VoUT2 

1.2V/1.8V 



3A/5A 



OFF 



J 



ON 



SYNCHRONIZATION 



Maxim's PowerMind^^ family of integrated buck regulators simplifies your 
toughest design challenges. These regulators provide high efficiency in 
compact, simple, cost-effective solutions that have the industry's lowest EMI. 



HIGH VOLTAGE 



12V INPUT 



MEDIUM VOLTAGE 

2.6V TO 5.5V INPUT 



4.5V TO 14V 



4.5V TO 14V 



4.5V TO 25V 



4.5V TO 20V 
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MAX8653* 
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3AT0 5A 



>i/i/ixiyi/i 

MAX17026* 



6A 
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MAX8654 



>i/i>jxiyi/i 

MAX15035 



15A 



yi/iyjxiyui 

MAX8655 



25A 



yi/iyjxi/i/i 

MAX8686 



1 TO 8 PHASE 
25A/PHASE 



PowerMind is a trademark of Maxim Integrated Products, Inc. 
*Future product — contact factory for availability. 
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LOW VOLTAGE 

2.3V TO 3.6V INPUT 
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www.maxim-ic.com/buck-regulators 



For a free sample, visit www.maxim-ic.com/samples or call 1-800-998-8800 

Distributed by l\/laxim Direct and Avnet Electronics Marl<eting. Tlie Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All rights reserved. 



EDN. COMMENT ■ 



BY RICK NELSON, EDITOR-IN-CHIEF 




The design-and-test merger 

Are the design and test disciplines merging? You might get 
that impression from reading some recent items in the 
news. I addressed the design-and-test relationship with 
an earlier commentary (Reference 1). That editorial was 
a response to an article by Executive Editor Ron Wilson 
(Reference 2). I stand by my March 20 conclusion that 
"it would be a mistake to assume that embedded instruments will make 
external instruments go away." But recent news and events suggest that 
embedded instruments will continue to make inroads. 



First, Asset InterTech (www.asset- 
intertech.com) announced last month 
that it is positioning the company, its 
products, and its technologies to pro- 
vide open tools for embedded in- 
strumentation in design-validation, 
test, and debugging applications be- 
cause, according to Asset President 
and Chief Executive Officer Glenn 
Woppman, established validation and 
test technologies are inadequate for 
high-speed chips and I/O buses. Chip 
geometries at 45 nm or smaller, as well 
as chip-level packaging technologies, 
such as SIP (system in package), he 
says, are making validation, test, and 
debugging difficult if not impossible 
with traditional technologies. 

Embedded instrumentation natu- 
rally requires a design element. In- 
strumentation — in the form of BIST 
(built-in-self-test) or DFT (design- 
for-test) structures — won't get embed- 
ded if chip designers don't do the em- 
bedding. Prasad Mantri, a staff engi- 
neer at Sun Microsystems who focus- 
es on DFT, commented on that topic 
in his June 5 presentation during the 
third annual Global STC (Semicon- 
ductor Test Consortium, www.semit- 
est.org) Conference, which took place 
June 4 through 6 in San Diego. Dur- 



ing that presentation, titled "Design 
for Test: Small Price to Pay on Sili- 
con for High Product Quality," he said 
that the high cost of production-wor- 
thy ATE (automated test equipment) 
represents a problem, one that trans- 
ferring the test function from ATE to 
the design stage would alleviate — "as 
if design wasn't already hard enough." 

Mantri noted that DFT is necessary 
because of increasing chip complexity: 
I/O count increases linearly as fea- 
ture size shrinks, and gate count or 
flip-flop count increases in a squared 
relationship with feature-size shrink- 
age. He added that the DFT process 
has become as complex as any other 
part of the electronic-design-automa- 
tion flow. DFT insertion is no longer 
accomplished using point tools after 
designers complete a design through 
gate simulation and then "throw it 
over the wall" to the DFT engineers. 
In fact, he said, designers are not sim- 
ply tolerating DFT because it's part of 
a design specification; they are also 
asking for it as an aid to debugging, di- 
agnosis, and field-failure analysis. 

Sanjiv Taneja, vice president of 
the Encounter Test division at Ca- 
dence Design Systems (www.cadence. 
com), also addressed the relationship 



between design and test at the STC 
conference with a presentation ti- 
tled "Cooperation between EDA and 
ATE: Now More Important Than Ev- 
er." He said that test and EDA ven- 
dors need to look beyond the interop- 
erability issues that they addressed in 
the 1990s to provide interoptimized, 
end-to-end technologies. An effective 
design-and-test strategy, he said, will 
require a holistic effort across the en- 
tire chip-design and -production eco- 
system, consisting of ATE, EDA, and 
semiconductor companies; foundries; 
assembly-and-test houses; IP (intel- 
lectual-property) providers; and even 
universities. 

I think that both Taneja and Man- 
tri would agree with me that external 
testers are here to stay. In fact, Mantri 
said he sees a growing role for DFT-fo- 
cused testers as well as protocol- aware 
functional testers. He noted that some 
DFT proponents have tried for many 
years to put test-equipment vendors 
out of business. But, he said, address- 
ing the test-equipment-vendor repre- 
sentatives in the STC conference au- 
dience, "You guys are still here." 

For more on design and test, see our 
special issue Innovators 2008, particu- 
larly the interviews with Antun Do- 
mic, a senior vice president and gen- 
eral manager of the implementation 
group at Synopsys (www.synopsys. 
com), and Mike Santori, technolo- 
gy and business fellow at National In- 
struments (www.ni.com). If you don't 
have a copy of Innovators 2008, please 
go to www.edn.com/innovate08.EDN 
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Energy-efficient solutions for designers. And their 6 billion neighbors. 



From power analog and power discrete products to online 
tools and FAEs, Fairchild has the resources you need to develop 
energy-efficient designs for power-sensitive applications. 

To download Fairchild's Power Solutions Brochure, please visit 
www.fairchildsemi.com/ power. 
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Power your handheld devices with 
Intersil's high performance Power ICs. 

Intersil's Portable Power solutions provide the management 
stability and design flexibility today's changing devices require. 





Intersil Portable Power Management: 
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^ Overvoltage Protection 
^ Overcurrent Protection 
^ Battery Authentication 
^ LCD Display Power 

— Low Drop Outs (LDOs) 

— LED Backlighting 
^ Fuel Gauges 

^ Core Power 
^ DDR Power 



Go to www.intersil.com for samples, datasheets and support 



Intersil - Switching Regulators for precise power delivery. 

©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporatio 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 




intei sil 

HIGH PERFORMANCE ANALOG 



PRESIDENT, BOSTON DIVISION, REED BUSINESS INFORMATION 

Mark Finkelstein, mark.finkelstein@reeclbusiness.com 
1-781-734-8431 



PUBLISHER, EDA/ WORLDWIDE 

Russell E Pratt, 1-781-734-8417; 
rpratt@reeclbusiness.com 

ASSOCIATE PUBLISHER, £DA/ WORLDWIDE 

Judy Hayes, 1-408-345-4437; 
jucly.hayes@reeclbusiness.com 

VICE PRESIDENT, EDITORIAL DIRECTOR 

Karen Field, 1-781-734-8188; 
kfield@reedbusiness.com 

EDITOR-IN-CHIEF, £DA/ WORLDWIDE 

Rick Nelson, 1-781-734-8418; 
rnelson@reedbusiness.com 

EXECUTIVE EDITOR 

Ron Wilson, 1-408-345-4427; 
ronald.wilson@reedbusiness.com 

MANAGING EDITOR 

Amy Norcross 
1-781-734-8436; fax: 1-720-356-9161; 
amy.norcross@reedbusiness.com 

Contact for contributed technical articies 

EDITOR-IN-CHIEF, EDN.COM 

Matthew Miller 
1-781-734-8446; fax: 1-303-265-3017; 
mdmiller@reedbusiness.com 

SENIOR ART DIRECTOR 

Mike Oleary 
1-781-734-8307; fax: 1-303-265-3021; 
moleary@reedbusiness.com 

ANALOG 

Paul Rako, Technical Editor 
1 -408-745-1 994; paul.rako@edn.com 

EMBEDDED SYSTEMS 

Warren Webb, Technical Editor 
1-858-513-3713; fax: 1-858-486-3646; 
wwebb@edn.com 

MASS STORAGE, MULTIMEDIA, PCs, AND PERIPHERALS 

Brian Dipert, Senior Technical Editor 
1-916-760-0159; fax: 1-303-265-3187; 
bdipert@edn.com 

MICROPROCESSORS, DSPs, AND TOOLS 

Robert Cravotta, Technical Editor 
1-661-296-5096; fax: 1-303-265-31 16; 
rcravotta@edn.com 

NEWS 

Suzanne Deffree, Managing Editor 
1 -631-266-3433; sdeffree@reedbusiness.com 

POWER SOURCES, ONLINE INITIATIVES 

Margery Conner, Technical Editor 
1-805-461-8242; fax: 1-805-461-9640; 
mconner@reedbusiness.com 

SEMICONDUCTOR MANUFACTURING AND DESIGN 

Ann Steffora Mutschler, Senior Editor 
1 -408-345-4436; ann.mutschler@reedbusiness.com 

DESIGN IDEAS EDITOR 

Martin Rowe 
edndesignideas@reedbusiness.com 

SENIOR ASSOCIATE EDITOR 

Frances T Granville, 1 -781-734-8439; 
fax: 1-303-265-3131; 
f.granville@reedbusiness.com 

ASSOCIATE EDITOR 

Maura Hadro Butler, 1-617-276-6523; 
mbutler@reedbusiness.com 

EDITORIAL/WEB PRODUCTION 

Diane Malone, Manager 
1-781-734-8445; fax: 1-303-265-3024 
Steve Mahoney, Production/Editorial Coordinator 

1-781-734-8442; fax: 1-303-265-3198 
Melissa Annand, Newsletter/Editorial Coordinator 
1-781-734-8443; fax: 1-303-265-3279 

Adam Odoardi, Prepress Manager 
1-781-734-8325; fax: 1-303-265-3042 



CONTRIBUTING TECHNICAL EDITORS 

Dan Strassberg, strassbergedn@att.net 
Nicholas Cravotta, editor@nicholascravotta.com 

COLUMNISTS 

Howard Johnson, PhD; Bonnie Baker; 
Joshua Israelsohn; Pallab Chatterjee 

PRODUCTION 

Dorothy Buchholz, Group Production Director 
1-781-734-8329 
Kelly Jones, Production Manager 
1-781-734-8328; fax: 1-303-265-3164 

Linda Lepordo, Production Manager 
1-781-734-8332; fax: 1-303-265-3015 
EDM EUROPE 

Graham Prophet, Editor, Reed Publishing 
The Quadrant, Sutton, Surrey SM2 5AS 
-^44 1 18 935 1650; fax: -^44 1 18 935 1670; 

business.com 



EDA/ AS/A 

Raymond Wong, Managing Director/ 
Publishing Director 
raymond.wong@rbi-asia.com 
Kirtimaya Varma, Editor in Chief 
kirti.varma@rbi-asia.com 

EDN CHINA 

William Zhang, Publisher and Editorial Director 
wmzhang@idg-rbi.com.cn 
John Mu, Executive Editor 
johnmu@idg-rbi.com.cn 

EDN JAPAN 

Katsuya Watanabe, Publisher 
k.watanabe@reedbusiness.jp 
Ken Amemoto, Editor-in-Chief 
amemoto@reedbusiness.jp 




Ttie EDN Editorial Advisory Board serves as an industry 
touclistone for tine editors of EDN worldwide, tieiping 
to identify key trends and voicing tine concerns of tine 
engineering community. 

DENNIS BROPHY 

Director of Business Development, 
Mentor Graphics 

DANIS CARTER 

Principal Engineer, Tyco Healthcare 

CHARLES CLARK 

Technical Fellow, Pratt & Whitney Rocketdyne 

DMITRII LOUKIANOV 

System Architect, Intel 

RON MANCINI 

Retired Staff Scientist 

GABRIEL PATULEA 

Design Engineer, Cisco 

DAVE ROBERTSON 

Product Line Director, Analog Devices 

scon SMYERS 

VP Network and System Architecture Division, Sony 

TOM SZOLYGA 

Program Manager, Hewlett-Packard 

JIM WILLIAMS 

Staff Scientist, Linear Technology 



EDN. 225 Wyman St, Waltham, MA 02451 . www.edn.com. Phone 1-781-734-8000. Address changes 
or subscription inquiries: phone 1-800-446-6551; fax 1-303-470-4280; subsmail@reeclbusiness.com. 
For a free subscription, go to www.getfreemag.com/edn. Reed Business Information, 8878 S Barrons Blvd, 
Highlands Ranch, CO 80129-2345. Include your mailing label. 



(^J? Reed Electronics Group 





Std. IVIodels 
to 6000 VDC 



New High and Low 

Voltage Models 

0-100VDC/0-6000V 

Precision Regulated 

Low Ripple 

Wide Input Voltage 

Range 11-16 VDC 

0-100% Programming 

Output Current Limit 

Voltage Monitor 

Low EMI / Shielded Case 

Low Profile 

0.5" Ht. 



on P'<^"_...c from 2-iP'" 



DC-DC 



com 



Delivery- 
stock to one week 



send for FREE PICO Catalog 
Call toll free 800-431-1064 
in NY ca// 914-738-1400 
Fax 914-738-8225 



PICO 



Electronicsjnc. 

143 Sparks Ave. Pelham, N.Y. 10803-18889 
INDUSTRIAL • COTS • MILITARY 



JUNE 26, 2008 



EDN 15 




Our newest wireless infrastructure innovations 

■■I AD6655 IF Diversity Receiver 

mi Reduces cost of deployment to allow more base 

stations to improve network quality. 3G support allows 
increased capability for high data rate applications. 

AD9230 Single, 1 2-Bit 250 MSPS ADC 

mm Better base station power efficiency using digital 

predistortion techniques reduces electricity demand 
and provides better spectrum purity. 

AD9788 Dual, 1 6-Bit 800 MSPS Transmit DAC 

Hm Simplifies transmit architecture by eliminating 

mixing stages and provides best ACLR for enhanced 
network performance. 

■H AD8375 and AD8376 Variable Gain Amplifiers 

mH These VGAs enable excellent dynamic range to 
capture faint transmitted signals in the presence 
of strong signals. 

■■■ AD9549 and AD9516 Dual Input Network Clock 
Generator and Distribution Function 

Very low noise clock sources ensure best signal 
quality across multiple wireless platforms. 



Quality connections — in less space, using less 
power — that's why more base station engineers 
speak to Analog Devices 

As fast as wireless connectivity became pervasive, Analog Devices 
data converters became the preferred signal processing standard 
within base station designs. Today, that data conversion technology 
is just part of a growing family of analog, digital, RF, and mixed- 
signal solutions for flexible, software-based radio architectures 
that support wireless standards from GSM to WiMAX. ADI continues 
to leverage more than 40 years of signal processing innovation to 
reduce the size, cost, and power demands of base stations, 
while enabling increased data rates and delivering the calling 
experience wireless users prefer. And we offer the same 
application-tuned advantages for medical, industrial, consumer, 
and automotive designs. 

To experience what Analog Devices can do for wireless 
infrastructure and for other signal processing designs, call 
1-800-AnalogD or visit www.analog.com/basestation. 
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INNOVATIONS & INNOVATORS 



Tiny module unites 
industrial applications 



Following the small-form-factor trend 
in embedded devices, Connect One 
has just introduced the Mini Socket 
iWiFi serial-to-Wi-Fi module for connect- 
ing industrial devices running machine-to- 
machine applications to 802.1 Ib/g wire- 
less networks. The company based the 
device on the iChipSec C021 28 commu- 
nication-controller chip, and it integrates 
wireless and SSL (secure-socket-layer)- 
encryption algorithms and serves as a 
firewall to protect the embedded-system 
application from the Internet. To facili- 
tate mobility. Mini Socket iWiFi supports 
seamless roaming between access points. 



The board's 31 X41-mm dimensions and 
advanced power-conservation features 
make it an effective technology for mobile, 
battery-operated embedded devices. 

The module has several sleep modes and 
the ability for the host application to turn off 
the wireless communications, minimizing 
power requirements. In deep-sleep mode, 
the module's power consumption is only 30 
|jlA. Simple text commands drive the Mini 
Socket iWiPi, which offloads the Wi-Fi driv- 
ers, WPA (Wi-Fi-protected-access) sup- 
plicant, Internet security networking pro- 
tocols, and all communication tasks from 
the host application. The module operates 




The Mini Socket iWiPi enables secure-Wi- 
Fi connectivity for Internet Protocol-based 
industrial devices over IEEE 802.1 1 b/g 
networks. 

at an industrial-temperature range of -40 
to +85°C (-40 to +185°F), complies 
with ROHS (restriction-of-hazardous-sub- 
stances) directives, and is available now. 
Prices start at $59.-by Warren Webb 
[>Connect One, www.connectone.com. 



60V output buck, boost, or buck-boost LED controller 



Linear Technology Corp's new LT3755 LED controller has a 4.5 
to 40V input-voltage range. It drives external FETs to illuminate 
as many as 14 1 A white LEDs from a nominal 1 2V input, deliv- 
ering in excess of 50W. The part uses a high-side-current sense, 
enabling designers to use it in boost, buck, buck-boost, SEPIC 




The Linear Tech LT3755 LED controller delivers more than 
50W of LED power. 



(single-ended-primary-inductance-converter), and flyback topolo- 
gies. The LT3755 can deliver efficiencies of more than 94% in 
boost mode. A frequency-adjustment pin permits the user to pro- 
gram the frequency between 100 kHz and 1 MHz. The device 
also features programmable undervoltage lockout with hysteresis. 
Shutdown current is less than 1 [xA. 

The LT3755 uses True Color PWM dimming, which delivers 
constant LED color with dimming ranges as great as 3000-to- 
1 . Alternatively you can use the control pin for a 1 0-to-1 analog 
dimming range. A fixed-frequency current-mode architecture pro- 
vides stable operation over a range of supply and output voltages. 
A ground-referenced voltage-feedback pin serves as the input for 
several LED-protection features, making it possible for the con- 
verter to operate as a constant-voltage source. 

The LT3755 has an open-status pin, and the LT3755-1 replaces 
the status pin with a frequency-synchronization pin. Both parts 
come in 16-pin, 3x3-mm QFN packages and sell for $2.75 
(1000). The parts are also available in industrial-temperature- 
rated versions.— by Paul Rako 
t>Linear Technology Corp, www.linear.com/pr/3755. 
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Units underscore importance 

of USB-based modular instruments 



Agilent has underscored 
USB's importance as 
an instrumentation 
platform with the addition of 
digital-oscilloscope and wave- 
form-generator modules to an 
already-broad, but little-publi- 
cized, line of USB-based plug- 
in instruments that you can 
also use as stand-alone units. 
Although several data-acquisi- 
tion-equipment manufacturers 
offer USB-based instruments 
that depend on a host PC for 
their operator-interface and 
control functions, you may not 
have heard about USB-based 



modules that you can connect 
individually to a host PC or plug 
into a chassis. Such a chassis 
is Agilent's $1 186 U2781A, 
which contains a USB hub 
and incorporates an ac-oper- 
ated power supply because 
some modules use more pow- 
er than the bus can provide. 
It also includes synchroniza- 
tion facilities for as many as 
six l-in.-wide, 4.1 3-in.-high, 
6.87-in.-deep resident mod- 
ules, some of which may occu- 
py multiple slots. The chassis' 
master/slave-triggering capa- 
bilities enable synchronization 



SYou may not 
have heard 
about USB- 
based modules 
that you can 
connect indi- 
vidually to a 
host PC or plug 
into a chassis. 

of nearly all slotted modules, 
even those that perform dif- 
ferent functions. By removing 
hardware that protects against 




The U2700A series turns USB into a plug-in modular-instrumentation platform. The portable chas- 
sis at right, which you can also mount in an equipment rack, houses and powers the modules, which 
you can also connect individually to a host PC. The chassis provides facilities for synchronizing the 
operation of the modules it contains. Included software (background) makes short work of common 
functions, such as specifying waveform parameters. 
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mechanical shock in portable- 
system applications, you can 
fit the 10.63x7.76x10.68-in. 
chassis into a 4U, 7-in.-high 
rack space. For engineers who 
design compact moderate-per- 
formance instrumentation sys- 
tems for use in development 
and production testing, the 
availability of this chassis and 
the large and growing module 
family marks USB-instrument 
modules as potentially worth- 
while alternatives to PXI (PCI 
extensions for instrumentation) 
and similar units. 

The new USB modular in- 
struments include the $1329, 
100-MHz-bandwidth U2701A 
and the $1638, 200-MHz- 
bandwidth U2702A oscillo- 
scopes, which offer sampling 
rates to 1G sample/sec, and 
the $1638, 20-MHz U2761A 
function generator, which pro- 
duces sine, square, triangular, 
pulse, ramp, exponential, mod- 
ulated, and arbitrary waveforms. 
The lineup also includes the 
$21 65, three-channel U2722A 
source/measure unit, which of- 
fers four-quadrant source and 
measurement capabilities for 
parametric testing, and the 
$936 U2751A switch matrix, 
a four-by-eight-point, two-wire 
design with 32 channels that 
provide additional test points 
for functional tests. 

The included Modular Instru- 
ments Measurement Manager 
software enables measure- 
ments without programming, 
thanks to a graphical interface 
that provides user-friendly con- 
figuration and makes functions 
easily accessible. Bundled driv- 
ers allow you to program with 
Agilent VEE, C#, C + +, Micro- 
soft (www.microsoft.com) Vi- 
sual Basic, or National Instru- 
ments (www.ni.com) LabView. 
-by Dan Strassberg 
Agilent Technologies, 
www.agilent.com/find/usb 
modular. 
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The balance 

of power has shifted. 



Molex EXTreme Power™ 
products offer big gains 
in current densities. 

A new leader exists in the power 
connector industry, and it s the 
same name you have always trusted 
for your interconnect solutions - 
Molex. Only Molex can offer you the 
newest selection and broadest line of 
superior power interconnects with 
some of the greatest current densities 
in the industry. 



Our new EXTreme Power products 
feature flexible design configurations, 
so they can be customized to suit 
your application. And because they 
incorporate advanced designs and 
packaging, our power products allow 
optimal airflow and better thermal 
management inside your system. 

So, when you need to pack maximum 
current capacity into a small space, 
turn to Molexs new EXTreme Power 
product line. 



www.molex.com/product/power 



molex 

one company > a world of innovation 
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Light sensor integrates photodiode, 
transimpedance amp, and 
linear-voltage-output stage 



Mi 




I elexis has introduced 
theMLX75305light- 
I to-voltage sensor for 
high-volume automotive, in- 
dustrial, and consumer ap- 
plications. By integrating the 
photodiode, transimpedance 
amplifier, and voltage-output 
stage into one chip, Melexis 
has ensured that the part will 
provide a stable responsivity 
over time and temperature. 
The voltage output is highly 
linear and relatively insensi- 
tive to temperature. The de- 
vice also has better noise per- 
formance than that of a dis- 
crete photodiode. The compa- 





The MLX75305 integrates a photodiode, a transimpedance 
amplifier, and a linear-voltage-output stage in a 3X3-mm package. 



ny assembles the sensor with 
high positional accuracy and a 
pin-to-photodiode accuracy of 



more than ±85 microns. 

Melexis claims a 15-year 
lifetime for the part based 



on accelerated aging in high 
temperatures. The acceler- 
ated lifetime applies to a part 
operating at 55°C. The sec- 
ond offering in the company's 
SensorEyeC series, the device 
complements the MLX75303 
optical switch. 

TheMLX75305 is available 
in large quantities with a 1 6- 
week leadtime. It has an ex- 
tended-temperature range of 
-40 to -M25°C and meets 
AEC (Automotive Electron- 
ics Council)-Q100 automotive 
specs. A version targeting con- 
sumer use operates at 85°C. 
The device comes in 3x3-mm, 
0.65-mm-high DFN and SO-8 
packages. It sells for 30 cents 
(medium quantities), and sam- 
ples are available now. 

-by Paul Rako 

Melexis, www.melexis.com. 



MICROCONTROLLER FAMILY EXTENDS PERFORMANCE 
OF ULTRALOW-POWER DEVICES 

Texas Instruments' 



MSP430F5XX family of 
16-bit microcontrollers 
improves peak processing 
performance over previ- 
ous-generation MSP430 
devices by more than 50%. 
With a maximum operat- 
ing frequency of 25 MHz, 
the processors support an 
active-power draw of 220 
|jlA/MHz over the operat- 
ing-frequency range. For 
designs requiring the low- 
est-possible active-power 
draw, the devices' power- 
management module sup- 
ports a power draw as low 
as 160 |jlA/MHz with the 
core voltage at the low- 
est voltage setting, 1.35V, 
and operating as fast as 
12 MHz. 

The devices support a 
32-bit real-time clock with 
an alarm that operates 
with a standby-current 
draw of 1.5 |jlA. The proces- 



The MSP430F5XX family can 
deliver ultralow-power opera- 
tion and support processing 
performance to 25 MHz. 



sor family can complete 
a wake-up in less than 5 
fjLsec with full status reten- 
tion from both standby and 
sleep modes. 

The new power-manage- 
ment module includes four 
frequency and voltage en- 
tries that enable designers 
to dynamically choose the 
optimum core voltage and 
guarantee perfect power- 
on-reset and supply-volt- 
age supervision with 



monitoring. Supporting 
designs based on two 
AAA batteries, the devices 
support read/erase/write 
capability to as low as 
1.8V, enabling writes to 
flash down to the battery's 
end of life of 0.9V for each 
battery. The unified-clock 
system supports operation 
without a crystal to save 
costs. The DMA (direct- 
memory-access) controller 
can have as many as eight 
channels and supports 
data exchange with periph- 
erals while the processor 
core remains in low-power 
modes, and digital and an- 
alog peripherals consume 
no power when they are 
not operating. 

The family provides as 
much as 1 Mbyte of linear- 
memory mapping, and it is 
1 00%-set-compatible with 
earlier MSP430 devices. 
The F54XX devices inte- 



grate as much as 16 kbytes 
of RAM and 256 kbytes 
of flash, which doubles 
the maximum flash and 
RAM available on previous 
MSP430F2XX, Fixx, and 
F4xx devices. The devices 
are available in 80- and 
100-pin QFPs. The 128- 
kbyte-flash, 8-kbyte-RAM 
MSP430F5419 device is 
available for $3.61 (1000). 
The 256-kbyte-flash, 16- 
kbyte-RAM MSP430F5438 
is available for sampling 
now and sells for $4.85 
(1000). More devices will 
be available for sampling 
in August at prices rang- 
ing from $2.99 (10,000) for 
the MSP430F5418iPN to 
$4.28 (1000) for the mid- 
sized, 192-kbyte-f lash, 16- 
kbyte-RAM MSP430F5436. 
Future devices will include 
USB, encryption, RF, and 
LCD interfaces. 

-by Robert Cravotta 
Texas instruments, www. 
ti.com. 
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Advantiv 

Advanced Television Solutions 
by Analog Devices 

Our newest Advantiv innovations 



Audio Processor for Advanced TV: ADAV4622 

High-fidelity uninterrupted sound; supports multiple audio 
standards; simplifies designs for shorter time to market. 

Class-D Stereo Power Stage: ADAU1513 

Complete audio amplifier section; pop-and-click-free audio; 
promotes seamless interconnectivity. 

Video Decoder with 3D Comb Filter: ADV7802 

High quality images from composite input; vivid color; 
improves quality of VCR tapes shown on HDTVs. 

Low Power HDIVII Transmitter witli CEC: ADV7520NK 

Longer battery life; lighter and smaller designs; enables 
single remote for camcorder and TV control. 

HDIVII/DVI1:1 Buffer: AD8195 

Features equalized TMDS inputs and pre-emphasized 
TMDS outputs; insures HDMI compliance on systems 
with long cable runs. 
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For HD audio, video, and interconnectivity that excites 
and delights, put ADI's Advantiv™ portfolio into action 

Crystal clear video. Rich, true-to-life sound. Deep color quality. And superior 
plug 'n play functionality. Those are just a few of the joys of using the latest 
HDTVs, DVD players, DVRs, AVRs, camcorders, and set-top boxes that are 
built with Analog Devices' technology inside. In virtually every aspect of 
HD delivery, designers who select from the Advantiv portfolio are benefiting 
from ADI's audio and video signal processing expertise. 

For more than 40 years, ADI has led with technology and support tailored 
to meet the demands of the toughest applications. Wherever user 
experience defines the design. Analog Devices defines the possibilities. 

To experience what Analog Devices can do for your design, 
call 1-800-AnalogD or visit www.analog.com/Advantiv-1. 



www.analog.com/Advantiv-1 
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CMOS-clock chip replaces crystal, PLL circuit 



Stable, accurate refer- 
ence frequencies are 
basic to almost all digital 
electronics. The most common 
references combine quartz 
crystals with clock-generator 
circuits, often employing a PLL 
(phase-locked loop). However, 
temperature changes can 
affect the bulky multimodule 
crystal-PLL circuits, which are 
less accurate at higher frequen- 
cies. To address these prob- 
lems, Mobius Microsystems 
aims to obsolete the venerable 
crystal-oscillator frequency ref- 
erence with the new MM851 1 



spread-spectrum clock IC, 
which the company based on 
its CHO (CMOS-harmonic- 
oscillator) technology. 

TheMM8511 CHO replaces 
the quartz crystal and PLL with 
a monolithic CMOS die, which 
generates spread-spectrum 
clock frequencies without the 
need for an external resonator. 

The device uses an LC- 
harmonic-oscillator circuit 
that relies on a high-precision 
inductor and multiple high- 
precision capacitors. The chip 
employs a real-time analog 
algorithm to monitor the tem- 



perature, voltage, and process 
variables. As any of the param- 
eters vary, the algorithm can 
switch in a capacitive value to 
compensate for circuit vari- 
ables in real time, not only 
allowing for highly accurate 
frequencies, but also minimiz- 
ing phase shift and jitter. 

The MM8511 operates 
from a 3.3V supply and can 
generate frequencies as high 
as several hundred mega- 
hertz; Mobius has factory-pro- 
grammed the initial products at 
common interface frequencies 
of 10 to 100 MHz and spread- 



spectrum modulation of to 
6%. The MM851 1 comes in 
proprietary eight-pin, 3x3-mm 
DFN packages and nine-pin, 
1.6x1.6-mm CSPs, as well as 
eight-pin, 3x6.4-mm TSSOPs, 
drop-in replacements for com- 
mon spread-spectrum PLL 
ICs. The evaluation board for 
MM851 1 will be available this 
month, and production sam- 
ples of the product will be avail- 
able in July Price for the chip is 
$1.35(1000). 

-by Margery Conner 
Mobius Microsystems, 
www.mobiusmicro.com. 



Primary-side control boosts 
efficiency of ac/dc-switching ICs 



Most consumer-tar- 
geted power adapt- 
ers for devices such 
as cell phones and MP3- 
player chargers use opto- 
coupler circuits to feed back 
voltage information from the 
secondary side to the regu- 
lator circuitry. Designers use 
these optocouplers because 
most ac/dc-power-supply 
transformers have a tolerance 
range of 1 0% or more, making 
it difficult to use a transformer 



winding to sense and regu- 
late input- and output-power 
levels. The devices in Power 
Integrations' LinkSwitch-ll 
ac/dc-power-conversion fam- 
ily of ICs address this problem 
by measuring the inductance 
of the transformer using a 
known current. In this way, 
the chip can rely on a pri- 
mary-side transformer wind- 
ing to sense voltage and cur- 
rent variations, eliminating 
I the need for optocoupler- 




LinkSwitch-ll simplifies the design of constant-voltage, constant- 
current converters by eliminating the need for optocoupler-feed- 
back circuitry and enables consumer products to meet Energy 
Star 2.0 efficiency specifications for external power supplies. 



feedback circuitry and pro- 
viding constant-voltage and 
constant-current regulation. 
This regulation is important 
in applications such as ac/dc 
adapters and chargers for 
cell phones and MPS players, 
which rely on constant-voltage 
supplies, and high-brightness 
LEDs, which require constant- 
current supplies. 

The elimination of second- 
ary feedback-sensing compo- 
nents increases LinkSwitch-ll- 
powered chargers to efficiency 
levels as high as 80%. No-load 
power consumption is less 
than 30 mW. For example, in a 
5V/1 A, 5W cell-phone-charger 
reference design, LinkSwitch-ll 
achieves Energy Star EPS 
(external-power-supply) 2.0 
compliance with average effi- 
ciency levels as high as 75% 
at 25, 50, 75, and 1 00% loads 
across a 1 1 5 to 230V-ac input 
range. The chip integrates all 
control and protection circuitry 
plus a 700V MOSFET in an 
eight-pin package and sells for 
60 cents (10,000). 

-by Margery Conner 
c Power Integrations, www. 



a FEEDBACK LOOP 
"It is admirable 
that IVIaxim has 
done a nice job 
of chopping 
out most of (the 
noise) with this 
amplifier, but I 
am quite sure 
some is still there 
if one looks care- 
fully (and long!) 
enough. When 
one sees the 
absolutist word 
'no(ne)' in con- 
nection with any 
noise issue, the 
eyebrows should 
raise ..." 

Reader Brad Wood, in EDN's 
Feedback Loop, at www.edn. 
conn/article/CA6541377. Add 
your comnnents. 
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Our newest motor control innovations 

■ AD7264 and AD7262 Dual, 1 MSPS BAR ADCs 
Acquisition of position information from a shaft 
encoder. Allows simpler, more cost-efficient motor 
control systems. 

ADUM5230 and ADuM61 32 
■■I Isolated Half-Bridge Gate Drivers 

Industry's first isolated gate drivers offer independent 
and isolated outputs in one package. Significantly 
reduces the number of discrete components and 
improves system quality and reliability. 

ADM2491 E Isolated High Speed 
■H RS-485 Transceiver 

Industry-leading isolation solution for industrial field 
bus networks. Comprises transceivers and isolation in 
one package that saves board space and design time. 

AD7400 Isolated X-\ Modulator 

mi Low power isolated high speed data conversion 
enables an efficient current monitoring solution. 

■■■ 0P2177 Precision Low Noise, Low Input Bias 
■Hj Current Operational Amplifier 

Build accurate control circuits for servo drivers, 
current sense, or reference currents at lower power. 



ADI motor control ICs: Improving reliability for 
reduced cost of ownership 

For designers of industrial systems, there's one sure way to add 
value to your solution and to your customer's application. It's by 
optimizing your signal processing with Analog Devices ICs. For 
example, in precision motor control equipment we've designed 
leading ICs that maximize throughput and machine efficiency, 
while reducing downtime with round-the-clock operation, 
adding up to increased profits. ADI has engineered similar 
system-user advantages into ICs optimized for medical, wireless 
infrastructure, consumer electronics, and automotive systems. 

To experience what Analog Devices can do for your motor control 
designs— and for your customer's bottom line— call 
1-800-AnalogD or visit www.analog.com/motorcontrol-ad. 
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RESEARCH UPDATE 



BY MATTHEW MILLER 




Weixao Huang's invention offers higher power-handling capacity 
and temperature tolerance than conventional silicon transistors. 

Student develops 
attention-getting 
gallium-nitride MOSFET 

A student researcher at 
Rensselaer Polytechnic 
Institute has developed 
a gallium-nitride MOSFET that, 
thanks to its ability to operate 
in extreme power and temper- 
ature conditions, captured the 
attention of top automakers 
even before the student grad- 
uated in May. 

Weixao Huang, the son of 
rural Chinese farmers, devel- 
oped a new process that 
enables the construction of the 
transistor. The resulting device 
not only tolerates extremes 
of heat and power, but also 
reduces energy losses, he 
reports. The MOSFET's resil- 
ience could make electron- 
ics viable in environments too 
harsh for today's silicon tran- 
sistors and will allow higher 
integration and efficiency in 
current applications, according 
to Rensselaer. 

[ Rensselaer Polytechnic 
Institute, www.rpi.edu. 




Nanoimprint lithography stamps out 
encouraging results 

Researchers at NIST (Na- 
tional Institute of Standards 
and Technology) have put 
NIL (nanoimprint lithogra- 
phy)— a potential next-gen- 
eration IC-fabrication tech- 
nology-through its paces 
and pronounced the tech- 
nique capable of accurately 
producing delicate insulat- 
ing structures on advanced 
ICs. NIST reports that NIL, 
which essentially emboss- 
es a pattern onto a thin film 
atop a semiconductor wafer, 
creates structures that are 
more robust than those re- 
searchers can create using 
conventional lithography. 

The process limits the 
number of troublesome 
large pores that form within 
the SOG (spin-on-organo- 
I silicate-glass) material the 



A microcircuit feature 
formed using nanoimprint 
lithography exhibits a ben- 
eficial level of porosity and a 
protective 2-nm-thick skin. 

process uses as an insula- 
tor; increases the number of 
beneficial smaller pores; and 
forms a tough, 2-nm-thick 
skin upon the structures it 
creates, the researchers re- 
port. 

National Institute of 
Standards and Tech- 
nology, www.nist.gov. 



ROBOTIC GRASSHOPPER LEAPS AS HIGH AS 27 TIMES ITS HEIGHT 



Researchers at the Laboratory 
of Intelligent Systems at EPFL 
(Ecole Polytechnique Federate de 
Lausanne) in Switzerland have built 
a 5-cm-tall robot that takes its design 
cues from grasshoppers and locusts 
and can jump as high as 1.4m. The 
7g critter uses a 0.6g pager motor 
to slowly charge two torsion springs 
and then explosively releases that 
energy. 

The device's battery can power 320 
jumps at 3-sec intervals. Before you 
start entertaining visions of new thrill 
rides or worrying about swarms of 
lethal-attack hoppers, however, go to 
www.edn.com/080626ru and check 
out a video clip; the researchers may 
have mastered takeoffs, but landing 
still appears to be a bit of a problem. 

Ecole Polytechnique Federate de 
Lausanne, lis.epft.ch. 

This robotic grasshopper measures 5 cm 
high and weighs 7g, and it can jump as 
high as 1 .4m. 
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Exclusively at Jameco... 
The Lowest Prices... 
Guaranteed! 



Save 3% to 5% 

Looking to save on thousands of 
Name Brand connponents? Jameco 
offers their popular products for 
3% to 5% below market price, 
and we guarantee it! 



Save 150/0-25% 

Save more when a specific 
manufacturer is not required. Major 
Brand semi's are sourced from 5-6 
major manufacturers, plus we offer 
Jameco brand and generic passives 
for even greater savings. 



Save 30% or more! 

Looking for killer deals? Jameco 
buyers often find Factory Overruns 
from some of the industry's biggest 
names. That means savings of 30% 
and more to you! 



3 Levels of Choice 




other Jameco Advantages: 

■ We offer over 300 Major Manufacturers 

■ 99% of catalog products ship the same day. 

■ Lowest prices guaranteed, or we pay 10%. 



lAMECO 

LECTRONICS 




Order 24 hours a day, 7 days a week 

www.JameGO.conf 

- Or call 800-831-4242 anytime -U 



SIGNAL INTEGRITY 




BY HOWARD JOHNSON, PhD 



EM-simulation software 

Bruce Archambeault, PhD, distinguished engineer at IBM, 
IEEE fellow, and the author of the EMI/EMC Computational 
Modeling Handbook, responds to my questions about EM (elec- 
tromagnetic) -simulation software. 



Fve heard you say that measure- 
ments may be a great emotional com- 
fort to the user but sometimes pro- 
vide little usable information. Please 
explain. 

Too many engineers just accept 
whatever they see on a mea- 
surement device as gospel. In reality, 
every measurement provides ample 
opportunity for mistakes. Your probe 
may load down the circuit, you may 
fail to use an appropriate reference 
connection — that is, ground connec- 
tion — or fail to account for a chang- 
ing antenna factor when operating 
near a metal floor. I firmly believe that 
measurements are important, but you 
must question everything — both mea- 
surements and simulations — to ensure 
correctness. 

Let's say Fm designing a differential 
via. What kind of simulation tools 
might I need? 

That [answer] depends on the 
frequency range for your signal 
and the physical size of the vias. Below 
a few gigabits per second on a board of 
normal thickness — 60 to 100 mils — a 
3'D quasistatic field solver provides 
adequate values for simulating the cir- 
cuit as a simple LRC lumped-element 
object. If you move to higher frequen- 
cies and thicker backplanes, the quasi- 
static assumptions break down. There 
you should use 3-0, fulbwave tools to 
build S'parameter models for the vias 



and plug them into a Spice simulator 
that accepts S-parameter models. 

What must a user know to obtain 
accurate answers from a full-wave- 
simulator tool? 

Every tool gives accurate an- 



swers to the questions you put to 
it, but there is a catch. You must know 
what questions to ask. A basic under- 
standing of physics and electromag- 
netics on your part is required. Lacking 
that understanding, no tool can create 
useful models, but every tool will give 
impressive-looking answers. That's 
the pitfall. Let me emphasize that you 
must also understand a range of mod- 
eling techniques and the limitations 
of each. There are many techniques. 
Each excels in some areas, not in oth- 
ers. For example, the MOM [method- 
of-moments] technique excels when 
calculating emissions from long wires 
but performs poorly when calculat- 
ing the effectiveness of shields. The 
FDTD [finite-difference- time -domain] 
and FIT [finite- integration- technique] 
algorithms perform well for shielding 
but not for long wires. 

The relatively new PEEC [partial- 
element-equivalent-circuit] technique 
works well for many PCB [printed-cir- 
cuit-board] simulations. It can work in 
both time and frequency domains. It 
is a full-wave-analysis technique that 
can do, among other things, power- 
plane analysis. It is unique in that it 



allows lumped elements, such as ca- 
pacitors, resistors, and inductors, to 
be easily added to the full-wave sim- 
ulation without adding a significant 
computational burden, as happens for 
some of the other techniques. 

Will computers ever replace the 
need for an understanding of basic 
physics? 

When I was in school, my EM 
professor once said, "All the 
world is an analog stage, in which 'dig- 
ital' plays only bit parts." That [idea] 
seems even truer today as we face the 
age of 'microwave digital' circuits. 
To be effective at those frequencies, 
you must understand high-frequency 
effects. 

Certainly, software tools help. I use 
full-wave tools for analysis of complex 
electromagnetic structures and simple 
rule checkers to make sure the physi- 
cal-layout designer followed my estab- 
lished rules. But beyond that, the basic 
design rests on my knowledge of EM. 
Some so-called expert system manu- 
facturers will imply that their tools 
can be used by someone who does 
not know anything about engineering 
and physics fundamentals, but, in my 
experience, that [implication] is not 
true. Any person who wishes to design 
very-high-speed circuits must under- 
stand basic EM. Otherwise, he is de- 
signing blindfolded.EDN 
The advanced electromagnetic- simulation 
tools that Archambeault creates for IBM 
are available through Moss Bay EDA at 
bruce@mossbayEDA . com . 
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Howard Johnson, PhD, of Signal Con- 
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. 
Visit his Web site at www.sigcon.com or 
e-mail him at howie03@sigcon.com. 
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To develop the unprecedented 
three-version F-35, engineers 
at Locicheed Martin created a 
common system model to 
simulate the avionics, propulsion, 
and other systems and 
to automatically generate 
final flight code. 
The result: reusable designs, 
rapid implementation, and 
global teamwork. To learn more, 
visit mathworks.com/mbd 



TheMathWorks™ 

Accelerating the pace of engineering and science 



matlab* 
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BY PALLAB CHATTERJEE, CONTRIBUTING TECHNICAL EDITOR 



Third-party-IP providers: 
physical-design questions, 
part two 

Engineers often overlook one physical-design issue for quali- 
fying IP (intellectual-property) blocks: handling routing 
blockages and overlay er- routing conditions. Traditionally, 
IP designers created blocks with their routing on layers Ml 
through M3, leaving layers M3 to M6 for block-to-block 
signals, global routing, clocks, and power supplies. Today's 
less-than-90-nm processes support as many as 12 layers of metallization. 



however, so the guidelines for han- 
dling in-block and overblock routing 
have changed. 

Placement-and-routing environ- 
ments use abstract descriptions of the 
IP block in LEF (library-exchange- 
format) and DEF (design- exchange- 
format) files. These descriptions de- 
tail pin locations, types, and layers; 
the data extent of the IP; power and 
clock paths; and blockages so that the 
automatic routers do not use specific 
wiring channels for interconnect. In 
older process technologies, designers 
identified blockages in the LEF and 
DEF files as paths for the wider pow- 
er-supply metal, feed-through paths 
for known block-to-block-intercon- 
nect signals in prerouting, or areas for 
clock-buffer insertion. These block- 
age identifications occurred only on 
the Ml through M3 layers and dealt 
only with the placement of wires. 

The abstract descriptions of the 
blocks for both primitives and high- 
er functions contain no instructions 
about how interconnect layers above 
the block should behave. The only 
mechanism for controlling routing in 
the higher metal layers is the ability 
to add a blockage if necessary. Mod- 
ern processes with many intercon- 



nects and those using advanced CMP 
(chemical-mechanical polishing) also 
have nonwiring and wire-class-block- 
age requirements. 

Examples of nonwiring blockages 
are those for minimum square-metal 
fill on certain layers, identification of 
where to place fill to accommodate 
wire spreading, spacing regions for 
OPC ( optical-proximity-correction ) 
and PSM (phase-shift-mask) artifacts, 
BIST (built-in-self-test) regions, in- 
die-pad regions, and TSV (through- 
silicon-via) targets. These blockages 
reside on layers, such as metal layers 
M4 through Ml 2, where there is no 
data. Designs can now require clock-, 
power-supply-, and power-down-class 
wire-class blockages. Most of the cur- 
rent SOC (system-on-chip) designs 
use multiple clock domains. Special- 
function IP may have a large disparity 
between its operating frequency and 
the high-frequency clocks running 
some of the I/Os, memory, and data- 
path blocks. 

Because the layers above the IP 
block require metal fill for CMP, a 
source of coupling from multiple lay- 
ers results from these clocks and sig- 
nals in the IP. Identifying clock-class 
blockages is a method of isolating har- 



monics that the interaction of these 
multiple clock frequencies causes, pre- 
venting them from causing non-buf- 
fer-related clock skew. 

To build electronic systems with 
multiple functions, the SOCs rely on 
multiple power supplies to build the 
application-specific modules. As a re- 
sult, even small to midsized designs 
commonly have two or more power- 
supply and signal levels. The lower- 
voltage cells have necessarily scaled- 
down switching levels with increased 
sensitivity to noise and to false switch- 
ing. This sensitivity results from the 
simultaneous switching of signals on 
other higher-voltage pairs. Identifying 
power-supply-class blockages clears 
sensitive areas of overblock signals 
that could cause false switching and 
increased ground noise. This precau- 
tion is key to maintaining signal integ- 
rity in the design, and it is necessary to 
any design-verification strategy. 

Similar to the power-supply blockag- 
es, SOC designs have multiple power- 
operation modes. In the reduced-power 
states, techniques such as the use of re- 
tention registers or multithreshold logic 
ensure that the block returns to proper 
operation. However, using these tech- 
niques can incur the risk of false data 
registration due to noise from switch- 
ing signals in overblock routing during 
the power-supply restoration. To mini- 
mize this hazard, designers should iden- 
tify blockage areas so that this large- 
signal coupling cannot take place. 

It is important to verify that any 
IP, especially for less-than-180-nm 
processes, includes application-based 
blockages, such as those described, so 
that a parametric-driven physical-de- 
sign flow can complete its task, giving 
you a high degree of confidence. EDN 

Contact me at pallahc@siliconmap .net. 
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Our Products Inspire Big Ideas 



At Tyco Electronics, our goal is to maximize 
your satisfaction by providing high quality 
products and services that are on time, 
every time. With a 50-plus year history 
of market leadership, we are one of the 
largest global providers of engineered 
electronic components, network solutions, 
undersea telecommunication systems 
and wireless systems. 



Tyco Electronics manufactures nearly 
500,000 products - all backed by 
approximately 92,000 employees 
worldwide with a commitment to 
bringing a performance advantage 
to every technology, product and 
service we provide. 
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Innovations 

in Distribution 

AS system architectures become more complex, 
L silicon vendors have found that they need to 
offer engineers more than just hardware. Engineers 
evaluating a processor, for example, will likely spend 
more time with development tools and off-the-shelf 
software than measuring a processor's specs. 
Engineers have a design they need to bring to reality 
and what matters to them is the overall capabilities 
of a product line, not whether a particular function is 
implemented in hardware or software. 

This trend of wanting more from vendors has 
extended into the supply chain. In the past, distributors 
performed primarily an inventory function for 
manufacturers and provided one-stop shopping for a 
wide range of components to simplify parts acquisition. 
They also offered components for sale in smaller lots 
than most manufacturers could afford to support. That 
has changed significantly. 

Today, distributors manage the flow of information 
between suppliers and engineers, becoming an integral 
part of a product's design team. Partnering with one's 
distributor and suppliers has become a vehicle not only 
for securing availability of product but also for bringing in 
additional sets of technical eyes that have seen a wide 
range of applications and an even wider variety of 
components. They are consultants that are successful 
when their customers are successful. 




In the articles that follow, I'll explore some of the 
insights two major players in the electronics industry - 
Avnet Electronics Marketing and Tyco Electronics - have 
discovered through their synergistic relationship. With their 
industry-wide perspective, these companies have 
identified several trends driving the direction of innovation 
across several industries: medical, lighting, industrial/ 
solar, military/aerospace, and communications. In addition 
to a brief overview of key design challenges arising in each 
of these industries, engineers will learn how they can 
leverage the integral relationship between distributor and 
supplier to get more from their supply chain than just 
simple delivery of components. 

Nicholas Cravotta 
Issue Editor 
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Medical 




Off-The-Shelf, Single-Use 

Technology 



he medical industry has long 
been founded on custom engi- 
neering to meet the extreme design 
specifications required to guarantee quality, 
reliability, and safety. As a result, it is one of the few 
markets where cost is not the primary purchasing factor. 
However, as the expense of medical equipment and 
services continues to rise, increasing pressure is being 
put on OEMs to place more focus on reducing cost. 

"You cannot discount the impact that the 
impending wave of baby boomers due to enter the 
elderly generation will have on the medical industry," 
says Pat Wastal, senior vice president of IP&E for Avnet 
Electronics Marketing Americas, a business region of 
Avnet Inc. The anticipated increase in strain on hospital 
resources is expected to significantly change how medi- 
cine is practiced, specifically by dictating a need to 
decrease the overall time a patient stays in the hospital 
for any particular treatment. 
More procedures will be 
outpatient-based, going from 
today's 65 percent of proce- 
dures completed without a 
hospital stay and increasing 
to 80 percent over the next 
10 years. 

To meet these changes 
efficiently and cost-effectively 
without compromising patient 
safety, hospitals will need to 
be able to provide more 
localized treatment while 
minimizing recovery time. Key 
factors to achieving success in this endeavor include 
moving to single-use designs and reducing the need for 
customized components. 

The Single-Use Advantage 

While there are many trends affecting design of medical 
equipment, perhaps the most relevant is a move towards 
single-use components. Single-use devices, also referred 
to as one-time use or disposable, increase procedural 
efficiency while improving infection control and patient 
safety. "Revenue from disposable components is grow- 
ing faster than reusable components because of the 



More procedures will 
be outpatient-based, 
going from today's 65 
percent of procedures 
connpleted without a 
hospital stay and 
increasing to 80 
percent over the next 
10 years. 



tremendous volumes involved," says Avnet's Wastal. 
Moving to single-use components generally does not 
change the internal technical design of medical equip- 
ment; rather, the existing invasive components of a system 
are partitioned as single-use. 

Single-use components are attractive because they 
are sterile, hermetically sealed, and ready for use. 
Preventing infection is a key driver for moving to single- 
use technology. According to the New England Journal of 
Medicine, approximately 90,000 deaths each year are 
attributed to hospital infections {Reference 1). In 2005, 
insurers reimbursed $11.5 billion for healthcare- 
associated infections, while hospitals suffered $9 billion 
in associated losses {Reference 2). Also relevant is the 
movement by Medicare to eliminate reimbursements for 
any preventable infection. 

From a procedural perspective, another advantage of 
using single-use components over reusable components is 
faster throughput. Depending on the procedure, reusable 
devices must undergo some type of sterilization, a process 
that adds tens of minutes to equipment turnaround time. 
With case loads expected to increase, single-use 
components help meet the goal of speeding treatment 
times without compromising treatment efficacy. 

Custom Off-The-Shelf 

Component suppliers have identified the need for 
enhanced features in medical components and recognize 
that, for their own reasons, one manufacturer may want 
a particular feature while another may not. The Medical- 
CPC (Circular Plastic Connector) family of connectors, 
for example, is a large portfolio of devices offering a 
wide range of built-in features giving engineers access to 
highly specialized connectors off-the-shelf rather than as 
custom components. Built-in features range from 
integration of transducers, temperature sensors, and ID 
technology, to name a few. 

Medical-CPCs are generic connectors primarily 
designed for electro-surgical devices. They provide up to 
14 pins which can carry either power up to 2 amps 
(3 amps for 10-pin connectors) or data signals up to 
100 MHz. Pins can be configured as needed, and two 
pins can be used to define a differential signal. 

Connectors and cabling have always been an 
integral part in the design of next-generation medical 
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equipment. However, what used to be a single unit, 
reused over and over, is now potentially thousands of 
units and so becomes a major cost factor. "Selecting the 
optimal cabling and connector components becomes 
paramount," says Marc Socquet, Technical Marketing 
Manager at Tyco Electronics. 

Proper connector definition and selection can be one 
of the most difficult aspects of design. For this reason, 
manufacturers often choose to engage with field appli- 
cations engineers from the supply chain to help them 
understand the ramifications of particular design 



decisions. Additionally, because distributors are also 
helping with sourcing semiconductor components, their 
engineers can look ahead - called "strategic synergy" by 
Tim Beck, Product Manager at Tyco Electronics - to 
decide what each connector will need to provide. 

Driving Down Cost Through Volume 

Single-use components also introduce new inventory 
challenges for manufacturers used to providing reusable 
components. Now they need to be able to manufacturer 
thousands of units where they used to supply only a 
handful. Savvy manufacturers will explore the options in 
inventory management distributors can offer to simplify 
this transition. Manufacturers will also need to develop 
smaller-sized packaging to alleviate inventory issues 
at hospitals. 

The high volumes of single-use components have 
another impact on the supply chain. Traditionally, 
medical equipment requires a high degree of 
customization. This arises from the relatively low 
volumes involved, as well as the highly specialized 
components needed to meet the extreme constraints 
typically required in medical applications. Single-use 
units drive the necessary volumes to enable the supply 
chain to offer more specialized components as off-the- 
shelf and catalog parts. By being out in the field, 
supply chain partners are able to directly observe the 
challenges medical manufactures face and what 
components would best meet their needs. With this 
inside market knowledge, they can help engineers 
move away from proprietary interconnect technologies 
and take advantage of the cost efficiencies other 
industries enjoy. ■ 

Reference 1: NEJM, Vol 348:651-656, Infection Control - A Problem 
for Patient Safety. 

Reference 2: Landro L, The Informed Patient - Hospitals Take Stronger 
Steps Against Bacteria, Wall Street Journal, March 2006 
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Clearly the most dominant trend 
in the lighting industry is the 
advent of solid state LEDs, and the 
integration of LEDs into lighting fixtures, 
from high-end to consumer-level products, is 
taking place on a global basis. 
The LED is a classic disruptive technology. It 
provides on the order of 50,000 hours of operation 
while offering extreme efficiency, high reliability, and 
anticipated future lower costs compared to other 
lighting technologies. 'The changes wrought by the 
LED have occurred at a more accelerated pace than 
many industry players anticipated," says Avnet 
LightSpeed Director Gary Eskow. Avnet LightSpeed is 
the solid state lighting and LED business unit of Avnet 
Electronics Marketing Americas. 

From an ecological standpoint, LEDs are extremely 
green: environmentally friendly, energy efficient, and 
requiring reduced maintenance. LEDs don't have the 
hazardous mercury issues associated with compact 
fluorescent fixtures, and because of their longer life, less 
material is destined for the landfills. The long life of 
LEDs also substantially reduces maintenance costs. 
LED fixtures do not have to be serviced as frequently as 
other lighting technologies, reducing personnel burden 
and other associated costs such as having to restrict 
access when servicing lights roadside, on the side of 
buildings, or in tunnels. 

Repurpose No More 

When LEDs first became available, engineers had to 
decide whether to go with a custom connector since few 
connectors were specifically designed for LEDs. LED 
designs, however, tend to have aggressive time-to-market 
targets and so there often isn't time to wait for a custom 
connector. Given the wide range of connectors available 
across the electronics industry, odds were a reasonable 
connector could be found. Even if an off-the-shelf 
connector wasn't quite perfect for an application, it 
tended to be less expensive than developing and waiting 
for a custom connector. Repurposing components, 
however, often carried with it a price (for overdesigned 
components) or reliability (if underdesigned) penalty. 

As the LED market has matured, engineers no longer 
have to make do with repurposed components. Tyco 
Electronics, for instance, has modified its Micro 
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MATE-N-LOK family of connectors not only to meet lower 
profile requirements but also to move the latch from on top 
to the side to avoid having the connector cast a shadow. 

Many components today offer a range of application- 
specific features specifically designed for use with LEDs. 
The Hermaphroditic Blade 
and Receptacle Gonnector 
from Tyco Electronics, for 
example, provides "multi- 
axis mating," an ideal 
mechanism for joining a 
multitude of strip light 
LEDs. The connector mates 
horizontally and vertically 
(at 90° or 180°), allowing 
the creation of arrays of 
RGBs. From a maintenance 
perspective, these connectors simplify strip light 
replacement by enabling technicians to remove center 
strips individually rather than having to remove all the 
lights from one end until the strip needing servicing 
is reached. 

Originally designed for the computer industry, similar 
hermaphroditic connectors were current-limited due to 
their small pin size. This restricted their reliability in 
many applications. In optimizing these connectors for 
LED applications, they have been modified to carry the 
higher currents required. 

Complementary Life Cycles 

Working with LED technology involves a completely new 
way to design compared to traditional bulb and ballast 
systems. Different components are required, as well as 
how they are integrated together, and different design 
issues are relevant, such as localized thermal manage- 
ment. For engineers new to LED design, it can be 
challenging to achieve an optimal architecture without an 
introduction to the myriad options available. For example, 
it may not be immediately obvious how one connects to 
an LED the size of a pin head. 

Many engineers perceive that the primary challenge 
of working with LEDs lies in optimizing the optics and 
electronics. Gertainly it takes significant design effort to 
produce consistently colored LEDs; while manufacturing 
processes continue to improve, the LEDs themselves still 
vary in projected color. Additionally, as color is directly 
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impacted by temperature, much effort is expended 
ensuring that a design is thermally sound and controlled. 
Only after all of these challenges have been addressed do 
many engineers then consider what interconnect 
technology they will use. 

As with any technology, there 
are certain physical laws that 
effect design choices. One 
common design shortcut and cost- 
cutting measure is to select a 
lower cost connector that may be 
close but is not sized properly from 
an electrical and mechanical 
standpoint for a particular appli- 
cation. Many LED applications, for 
example, use a class 2 power 
supply with a 5 amp rating. Even 
though a connector rated at 1 amp 
will work for a time, eventually the 
1 amp connector will begin to 
exhibit undesirable behavior. 

For example, this past 
December saw a setback for the 
LED industry with the plethora of 
LED-based Christmas lights which 
failed to meet consumer expect- 
ations of "long life." What 
happened in this case was not 
brought about by a lack of LED 
reliability but, rather, was a con- 
sequence of manufacturers using 
low quality wires and connectors. 
According to Paul Farrell, Global 
Director, Lighting at Tyco 
Electronics, "System reliability is 
only as good as its weakest link." 
Rather than specifying complementary components in terms 
of expected life cycle - 10-year connectors to match the 10- 
year life of LEDs - manufacturers focused on low cost and 
used connectors that became the weakest point in the 
product chain. As a result, the lights failed because they 
exceeded the expected life of the connectors, not the LEDs. 

Early Planning 

Thinking ahead about all the components of a lighting 
system can avoid imposing undesirable limitations late in 
the design cycle. For example, high brightness LEDs are 
often mounted on an aluminum metal clad PCB which 
dissipates heat during operation. Unfortunately, this same 
PCB also dissipates heat during soldering, making it 
difficult to achieve a reliable connection between the 
power trace/wire and each LED. 
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An alternative to hand soldering is to use an SMT 
Poke-In connector from Tyco Electronics. This connector 
provides a lead in which to insert the power wire normally 
soldered to the system board. This connector comes on 
tape and reel and can be pick-and-placed at the same time 
LEDs are placed. Overall, the SMT 
Poke-In connector simplifies 
manufacturing while increasing the 
reliability of the connection. 

To take advantage of a 
connector like the SMT Poke-In, 
its form factor and limitations on 
design must be considered during 
initial component placement so 
that power pads can be spaced 
appropriately. Attempting to bring 
in these connectors late in the 
design process may result in 
substantial layout changes. 

Another factor to consider 
early on is whether the connectors 
in a design are going to be the only 
components that cannot be pick- 
and-placed. While designs don't 
need to 100 percent surface 
mounted, each manually placed 
component increases system cost. 
By considering the connector early 
on, engineers can avoid discover- 
ing that the best connector for the 
job, based on their layout and 
specifications, is the only manually 
placed component in the design. 

While each family of 
components offers different 
features, don't assume that among 
the myriad connectors that there is a perfect fit for a 
finished design. Rather, engineers should confirm that they 
have access to connectors that can accommodate the wire 
sizes and currents they wish to use. In terms of mounting, 
if a particular orientation or profile such as a vertical 
header is required, they should make sure that one is 
available that meets the design's specifications. 

With the SMT Poke-In, for instance, engineers have 
the option of using one- or two-lead configurations. If 
the two connections are coming from the same 
orientation, the two-lead configuration serves well. 
However, in those cases where the connections have 
different orientations, engineers can use two one-lead 
SMT Poke-Ins connected via a trace, enabling them to 
be displaced in relation to each other and in different 
orientations. ■ 
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Bringing Products to Life. 

At Avnet Electronics Marketing, support across the board is much 
more than a tagline for us. From design to delivery - we are deeply 
committed to driving maximum efficiency throughout the product 
lifecycle. And we have supplier partners like Tyco Electronics who 
share that philosophy. 

Tyco Electronics is a worldwide provider of components with a 
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connectors, relays, fiber optics and wireless components. Tyco 
Electronics' legacy dates back to 1 941 , when the company 
developed connector technology for the budding modern day 
electronics industry. Avnet's own commitment to the marketplace 
has been equally as storied, dating back to the inception of 
component distribution itself. 

Together, Avnet and Tyco Electronics have built an impressive 
combination of engineering savvy and electronics industry heritage. 
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update a current application or help bring a design concept to 
fruition. Once the design is complete, Avnet offers an array of value 
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giants - that's classic support across the board. 
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f hether you're developing solar 
or industrial equipment, one 
thing is common: it pays to understand 
your options. Suppliers of solar technology 
offer highly specialized components that meet 
exacting and rapidly changing industry specifications. For 
industrial applications, the options are so numerous it 
can be difficult to know which components are optimal. 

In these markets, it is just as important for suppliers 
to know what OEMs are designing as it is for OEMs to 
be aware of the range of components available. When 
deciding upon which of the myriad directions they 
should expand upon in future product variants, suppliers 
often have limited information. They know what their 
customers are buying, but not necessarily what they 
need. Put another way, engineers looking through a 
catalog will select the best component available for a 
given application, but this doesn't tell suppliers what 
components engineers would use if they were available. 
"A tight distributor/supplier relationship can result in 
substantial cost savings for OEMs as distributors working 
with design teams can pass 'wish list' features and 
requirements back to suppliers," says Pat Wastal, senior 
vice president of IP&E for Avnet Electronics Marketing 
Americas, a business region of Avnet Inc. 

Going Solar 

One of the most important trends of the new millennia 
is alternative energy sources. Solar or photovoltaic (PV) 
generation of electricity is an attractive technology for 
many applications, potentially freeing remote systems 
from having to be connected to the power grid. 

The primary concern for solar designs is cost per 
watt. Silicon-based photovoltaic generators achieve up 
to 20 percent efficiency while thin film reaches up to 
the mid-teens. "Interconnection efficiencies are 
extremely important in a PV system as they have a direct 
impact on overall cost per watt of the electricity being 
generated," says Sean McKenna, industry manager at 
Tyco Electronics. 

UL and lEC specifications control the performance 
of solar products. These organizations aim to improve 
the reliability of solar devices in an effort to protect 
the public. To ensure qualification of their designs, 
engineers should consider incorporating components 
that have been specifically designed to meet these 
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Your Options 

specifications. For engineers designing products for use 
around the world, they'll want a strong partner in their 
supply chain familiar with the different regional 
photovoltaic requirements. 

Part of maintaining the reliability of a solar 
system is protecting it from the elements. This is 
typically achieved using a junction box filled with 
potant to seal it from the elements. Potant can also 
act as a heat sink to minimize the diode junction 
temperature. In addition to material cost, drawbacks 
of adding this material to junction boxes are assembly 
delay while waiting for curing and taking up scarce 
factory floor space. Potant also makes it impossible to 
service the now embedded 
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electronics in the future. 
The TE junction box, for 
example, is designed to 
eliminate the need for 
potant material. 

A junction box, 
however, can provide 
more value than just 
housing vulnerable 
electronics. Tyco 
Electronics Micro SolarLok 

junction boxes enable fast foil termination without the 
use of special tools. These clamps have a high normal 
force which provides a gas-tight connection between 
foil and rail to prevent oxidation. Engineers also have 
the option of an integrated diode optimized for the 
current it will carry so that heat sinking becomes 
unnecessary. A lid gasket seals the junction box, 
completely eliminating the need for potant. 

With the increase in the use of flexible thin film, 
despite its lower efficiency, engineers have various 
junction box options. As thin film generates fewer 
watts per module compared to silicon, it can be 
housed in smaller and less expensive form factors such 
as the line of SolarLok junction boxes. 

Interconnect reliability can be further enhanced by 
selecting components with mechanical latches that 
prevent cabling from pulling free or vibrating loose and 
that have polarity so connectors cannot be installed 
backwards and damage electronics. Given the relatively 
low efficiency of photovoltaic collectors, it is important 
to minimize all losses throughout the system. 
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The most significant trend witliin tlie industrial market is 
increased need for communication between tlie front office 
and the factory floor. OEMs are moving away from expensive 
proprietary interconnect technologies and spanning Ethernet 
across the factory environment. 100Base-T has already 
entrenched itself with 1 GE working its way in as well, and 
engineers are developing ways to efficiently connect a 
widening network of machines and equipment. 

Raising Standards 

The factory floor, however, is nothing like home or office 
environments. Bringing Ethernet up to industrial standards 
- i.e., to where it can survive high temperatures, electrical 
noise, dust, etc. - is primarily an interconnect challenge. 
The standard RJ-45 connector used in office networks 
simply isn't rugged enough for the factory floor. With 
Ethernet's growing presence, the features required to bring 
RJ-45 up to industrial standards no longer need to be 
implemented with custom connectors as they are available 
off-the-shelf. As a result, Ethernet components are widely 
available from multiple sources. 

There are various types of industrial Ethernet 
connectors available to address particular needs. For 
example, field technicians can utilize connectors with a 
tool-less IDC (Insulation Displacement Connector) crimp to 
accomplish field installation of Ethernet cabling. Other 
connector types address the need to meet IP67 sealing 
requirements. Additional strain relief is also a necessity 
since industrial cables tend to be heavier than commercial 
grade cables and is achieved by adding metal locking tabs 
and cable glands to the RJ-45 connector. 

From an industrial Ethernet switch perspective, 
equipment can be ruggedized for the factory by supporting a 
wider operating temperature range. Hardened cases, versus 
plastic, better protect switch components. Industrial 
Ethernet switches are also DIN-rail compatible, making them 
ready-to-mount without requiring additional hardware. 

With electronics in general moving to lead-free and 
RoHS compliance, there is a need for higher temperature 
tolerance in components which can have a substantial 
impact on how industrial products are manufactured. With 
lead out of the soldering process, higher temperatures are 
required, even with wave soldering. 

For example, terminal blocks are a common field- 
installable connector. Surface-mount pads can't hold up to 
the force necessary to operate a screw or spring, so 
terminal blocks require the mechanical strength of a 
through-hole. Boards that mix surface mount and through- 
hole technologies require two mounting operations: first 
the surface mount components are placed, followed by a 
secondary wave or hand soldering operation for through- 
hole devices. 




In many applications, terminal blocks are the only 
through-hole component on the board. As high- 
temperature terminal blocks can withstand the higher 
temperatures of surface mount processing, such terminal 
blocks can be mounted using a paste-and-hold process 
which eliminates the need for any secondary soldering. 

Unfortunately, high-temperature components present 
several issues for suppliers and OEMs. Such components 
need to be made from different materials, as well as 
packaged on tape and reel, which may not be the current 
method used for a particular component. Additionally, 
some components, including terminal blocks, have 
thousands of different styles. This is where a close 
relationship with a distributor can pay high dividends. 
"Because distributorsy diverse teams, they are able to 
aggregate the design needs of the industry," says Wastal. 
"With such information we can guide suppliers into 
prioritizing the migration of components to high- 
temperature materials and packaging in a way that best 
meets the needs of the majority of OEMs." ■ 
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If you're developing military/ 
aerospace equipment, you may 
have noticed a requirement for lighter 
weight designs. In addition to asking its 
suppliers to reduce equipment weight, the 
aerospace and military market is also taking a 
more network-centric approach to warfare by bringing 
many of its field units online. Additionally, while OEMs 
are still required to provide the highest reliability, they 
are facing difficult cost and time-to-market pressures. 
"Engineers must manage all of these challenges," says 
Tyco Electronics Vice President of Worldwide Sales 
Aerospace & Defense Frank Breslin. By working closely 
with supply chain partners like Avnet Inc., OEMs can 
keep abreast of new technologies and components 
designed to specifically address these trends as well 
as take advantage of supply chain services that 
accommodate the high dwell time typical of military 
and aerospace applications. 

Speed Saves Lives 

Time-to-market has taken on greater 
importance in military applications. 
There is an urgent need to accelerate 
the design of new equipment that can 
save the lives of soldiers today. 

To help speed up the design cycle, 
members of the supply chain are 
working at the front-end of the design 
process by integrating their technical 
staff within a customer's design team. 
In this way, key design constraints can 
be identified early in the design cycle. 
As new issues arise, they can provide 
immediate feedback, presenting viable 
alternatives in order to minimize delays. 
It is also important to have ready access to components 
so they can be evaluated with expediency. 

Managing inventory is another service offered by 
distributors of which engineers can take advantage. 
Avnet Electronics Marketing, for example, has a variety 
of logistical programs where components are kept in 
Avnet's own inventory, at the customer site, or at a 
location close to the OEM's manufacturing facility. How 
much inventory is kept is based on projections for 
current and future projects. Avnet will also guarantee 
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the availability of components or their equivalent to 
accommodate the long dwell time between project 
development and production. Additionally, as a project 
progresses, new components better suited to an 
application may become available, and these will be 
shared with the OEM. "Military programs, which tend to 
extend over years and may have budgets that are prone 
to unexpected shifts, will find these services of high 
value," says Bryan Brady, vice president, director of 
Avnet Electronics Marketing Americas Defense Aerospace 
Business Unit. 

Lighter Weight Requirements 

With rising fuel costs, reducing weight has become an 
important factor in designing military equipment. In 
addition to designing more space-efficient components, 
Tyco Electronics is addressing this need by developing 
new types of composite connectors. These connectors 
use molding compounds such as Ultem and PEEK 
instead of traditional metal components. Also, 

customers are requesting lighter weight 
wire that offers the same performance 
and reliability compared to traditional 
wire technologies. 
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No Vehicle Left Behind 

The military is implementing higher 
bandwidth communications across the 
board through its Vehicular Inter- 
communication System — Expanded 
(VIS-X) program. VIX-S calls for the 
retrofitting and upgrading of existing 
vehicles so that all units in the field can 
be interconnected and exchange real- 
time information. Vehicles will also have 
their own internal network to transport 
voice, video, and data streams to systems throughout the 
vehicle. In this way, real-time data can be streamed to 
and from the battlefield, enabling control of units in a 
way never before seen. 

Reliability is paramount for military field 
equipment, and higher data rates increase the 
probability of electromagnetic interference (EMI) 
problems. For this and other reasons, many engineers 
are considering moving to fiber optic technologies. In 
addition to providing higher bandwidth and immunity to 
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EMI, fiber is more difficult to tap into, making it more 
secure as well as lighter in weight. Fiber is meeting 
some resistance for being a new technology in military 
communications, and its durability (glass versus 
copper) may be perceived to be issue even when it is 
not. For example, Tyco Electronics offers its Expanded 
Beam products as well as its LuxCis system, a small 
form factor fiber optic system contact designed to 
meet the rigors of military applications. 

The increased demand for electrical energy has 
driven system voltages and currents to higher standards. 
Switching these higher voltage requirements with new 
Tyco Electronics' Kilovac high voltage contactors 
enables designers to use these higher electrical levels 
to optimize new design packaging. 

Moving to higher bandwidth over copper or fiber 
also potentially reduces system weight, as existing 
network paths can meet the need to carry more data 
without introducing additional cabling. Tyco 
Electronics has developed an extensive connector 
portfolio that can mix power, signal, and optical 
performance in a single interconnect to address the 
extreme environmental conditions of military and 
aerospace applications. 

Risk-Sharing 

Another key value distributors and suppliers are bringing 
to manufacturers of military and aerospace equipment is 
that of risk-sharing. Risk-sharing takes the form of the 
supplier or distributor absorbing its design-related costs. 
In other words, they amortize these costs over longer 
periods of time. For example, suppliers may provide 
several system's worth of components to an OEM for 
developing its first production units. 

Technical staff can be called upon to help in 
narrowing down the wide variety of options engineers 
have available to them. For example, deciding between 
whether to use military or commercial grade compo- 
nents can be a difficult decision in terms of balancing 
safety, reliability, weight, and cost. Technical staff can 
help engineers understand the specifications and 
limitations of component families and types, as well 
as their strengths and differences, to facilitate more 
informed component selection. 

Engineers will also want to consider the global 
reach of their distributors and suppliers. Military 
contracts may include requirements for working 
outside the country as a way to stream revenue to 
international allies. "Having a local supply base 
located in the appropriate regions can reduce 
undesirable supply chain delays, as can access to 
local technical support," says Brady. ■ 
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Carrying Convergence Into 

The Future 



■hroughout the network one can 
see the ongoing convergence of 
different protocols across common 
platforms. The ability to merge multiple 
networks - as well as consolidate network 
administration - onto a single platform promises 
substantial capital and operational cost savings to 
network operators. For example, instead of maintaining 
a separate SAN and LAN infrastructure, the ability to 
carry Fibre Channel over Ethernet will enable operators 
to combine multiple network interfaces onto a 
common switching platform. 

In order to best capitalize upon the benefits of 
convergence, engineers will need to be aware of all of 
their options. With the tremendous number of new 
products available from month to month, however, it 
isn't possible for engineers to keep up with the latest 
advancements across the range of technologies they 
need to employ in a design. In many cases, competition 
for lean magazine pages limits the number of new 
products announced publicly, and engineers have few 
ways of hearing about these products other than through 
direct mail from the supplier or through a field engineer 
familiar with the product family. 

The First To Know 

As distribution partners keep up-to-date with the latest 
product developments from their suppliers, they are 
often the first to learn about the introduction of new 
products. "By working with design engineers directly, 
we are able to recognize upcoming design needs and 
bring specific products to the design team's attention," 
says Pat Wastal, senior vice president of IP&E for the 
Avnet Electronics Marketing Americas business region 
of Avnet Inc. Additionally, they can help secure difficult- 
to-get samples as well as project a component's realistic 
delivery schedule. For example, a distributor will be able 
to identify a higher density component that has only 
just been made available to an OEM trying to increase 
port density on a line card. 

One way for engineers to enable convergence 
while reducing cost is to consolidate line card designs 
to a single architecture that can accept the various I/O 
interfaces utilized in a network via interchangeable 
modules. Rather than change out an entire card to 
support Fibre Channel or Ethernet, electrical or 



optical cables, the line card effectively undergoes a 
"personality change" by employing an I/O module card 
with the appropriate interface. 

A modular approach also enables network operators 
to more easily scale the network over time while mini- 
mizing the cost to upgrade by reducing the amount of 
hardware required to upgrade a link. The use of I/O 
module cards makes it possible to keep mission-critical 
links up-to-date with the latest data rates and reliability 
features. Engineers must also take into account how 
module cards connect to the line card. Stacking 
connectors offer a lower profile, higher speed, and more 
flexible architecture as opposed to coplanar connectors 
which position modules at a right angle. 

In addition to the I/O density, engineers are 
considering the card pitch to support growing bandwidth 
demands. This is driving an effort to minimize the line 
card profile as well as the I/O modules. Network and 
communciations OEMs looking to support 10 Gbps per 
differential pair across the backplane can consider a 
more compact profile down to 0.6 inches. 

Just as engineers are increasing the functionality 
captured through modularity, component manufacturers 
are seeking ways to increase the interconnect function- 
ality. Tyco Electronics, for example, is developing new 
Power over Ethernet Plus (PoE-k) RJ-45 jacks that drive 
double the power capacity of standard PoE. "With PoE+, 
engineers will be able to move beyond simple IP phones 
to create a wide variety of devices that run off a network 
connection alone," says Terry Mosbaugh, Tyco 
Electronics' product manager. 

Within datacenter applications, the new Small Form 
Factor Pluggable (SFP), and its successor SFP+, define 
a smaller connector size that enables both a wider range 
of ports as well as higher 
port densities. Currently, 
the SFP+ form-factor 
supports Ethernet, up to 
10 Gbps, and Fibre 
Channel, up to 8 Gbps, 
as well as both electrical 
and optical cabling. Such 
I/O flexibility on line 
cards will not only 
simplify inventory 
management, installation. 



One of the key 
challenges for 
engineers in the 
connnnunications 
industry is sufficiently 
future-proofing 
designs. 
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and operational upkeep, it also allows consolidation - investment requirements today. Determining just how 

and corresponding cost savings - at the switch level. much headroom is enough can be difficult given the 

extended lifecycle of backplanes and the impact on 

Future-Proofing Networks efficiency if an older backplane cannot accommodate 

One of the key challenges for engineers in the comm- next-generation data rates, 
unications industry is sufficiently future-proofing designs. Today's backplanes utilize XAUl as a physical 

As the reach of the network continues to expand, standard over which to run a variety of protocols. XAUl 

platforms must offer enough headroom to increase data supports four data channels each operating at 3.125 

throughput over time without imposing burdensome Gbps to accommodate 10 Gbps links. Network 




operators, however, are already calling for 
10 Gbps-capable backplanes. The industry 
continues to look toward the future with 
industry groups designing both backplane 
and I/O channels to support both 40 and 
100 Gigabit Ethernet. While it is unclear 
when a full 100 Gbps link will be available 
or needed, today's backplane vendors are 
already planning for the future. "25 Gbps will 
be an intermediary step to 100 Gbps just as 
2.5 Gbps has enabled the transition to 10 
Gbps," says Avnet's Wastal. "Backplanes 
limited to 10 Gbps will be unable to carry the 
network forward without a forklift upgrade." 
Network operators don't know what capacity 
they will need to support in the future, or 
when, so backplanes that can physically 
support 25 Gbps links as they become 
available will be more attractive than those 
limited to 10 Gbps. 

The traditional backplane, typically 
supporting two switch cards and eight line 
cards, will need to undergo a major trans- 
formation to support these higher data rates. 
In order to switch this much data reliably, the 
number of switch cards may increase, driving 
a thicker, more expensive, and complex 
backplane. To support greater overall band- 
width, backplane vendors are developing what 
are called "orthogonal architectures utilizing 
a midplane interconnect system." Put in 
different words, line cards are installed up 
and down on one side of the mid-plane while 
switch cards are installed left to right on the 
opposite side of the mid-plane using special 
high-speed connectors such as those in the Z- 
PACK TinMan product family. This effectively 
connects all switch cards to all line cards 
through the thickness of the mid-plane, 
minimizing trace lengths between line cards 
and switch cards and providing the increased 
processing capacity necessary to truly achieve 
25 Gbps links. ■ 
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AS NEW EMBEDDED 
DESIGNS COMBINE HIGH 
LY INTEGRATED SILICON, 
PORTABLE PLATFORMS, 
AND SOARING DATA 
RATES, THE INDUSTRY 
IS ADOPTING SMALLER 
FORM FACTORS THAT 
EMPHASIZE COOLING, 
RELIABILITY, AND 
PERFORMANCE. 



Figure 1 The CC40x single-board 
computer from General Micro Systems 
packs the Atom processor, memory, and 
peripherals onto a conduction-cooled, 3U 
CompactPCIe module. 




SHRINKING 
STANDARDS 
SQUEEZE 
EMBEDDED 
DESIGNS 

BY WARREN WEBB • TECHNICAL EDITOR 

Continued pressure to reduce the size of indus- 
trial, medical, consumer, and other space- 
critical applications has sparked a new wave 
of embedded computing platforms with ex- 
tremely small form factors. Employing both 
open standards and proprietary designs, these 
new platforms give system designers a growing 
selection of off-the-shelf computing and pe- 
ripheral modules to simplify size-constrained 
applications. Despite their compact size, these miniature system 
components take advantage of new computing elements, serial 
communications, and clever heat-dissipation techniques to deliver 
significant processing power and I/O performance- 



Smaller form factors are possible be- 
cause of fundamental changes in the 
architecture and design of embedded 
devices and systems. The latest silicon 
technology can integrate multiple pro- 
cessors, graphics elements, and network- 
ing interfaces onto a single-chip device, 
thereby saving enormous board area- 
High-speed data rates have also pushed 



designers to change from parallel, mul- 
tidrop-bus structures to serial-switched- 
fabric technology, with the added ben- 
efit of reduced real estate. Product devel- 
opers have also found new techniques for 
power delivery, cooling, and packaging 
that minimize the overall system size. 

With new, smaller size requirements, 
embedded-system designers are turning 



to pre-engineered, off-the-shelf modules 
that integrate the latest CPU technol- 
ogy with standard peripherals. These 
standardized computer modules allow 
designers to trade substantial savings 
in nonrecurring- engineering costs for 
slightly higher recurring costs. A re- 
placeable processor section provides sev- 
eral technical and economic advantages 
over traditional single-board designs. 
For example, designers can provide their 
embedded systems with a more sophis- 
ticated processor section to take advan- 
tage of advanced features, such as net- 
working, graphical displays, complex 
software, and real-time operating sys- 
tems, that would be difficult or impos- 
sible to implement on a limited design 
budget. 

While increasing data bandwidth, 
switched-fabric technology also offers 
a major benefit to system size by reduc- 
ing the number of pins and board area 
necessary for board-to-board communi- 
cations. Switched-fabric architectures, 
such as Ethernet, PCIe (peripheral-com- 
ponent-interconnect express). Rapid 
I/O, and InfiniBand, are the latest board 
standards, and they eliminate many of 
the problems associated with parallel- 
bus schemes. Each connection is a direct 
point-to-point datapath yielding bet- 
ter electrical characteristics and high- 
er bandwidth than bus architectures. 
Datapaths may also change dynami- 
cally to support multiple simultaneous 
data transfers and to route data around 
malfunctions. PCIe is one of the more 
popular fabric technologies because of 
its compatibility with driver and oper- 
ating-system software. The basic PCIe 
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link comprises two signal paths that use 
small differential'voltage swings and 
constant'Current line drivers to com- 
municate at speeds as high as 4 Gbps in 
each direction. Designers can increase 
the bandwidth of an individual PCIe 
link by simply adding signal pairs, called 
lanes, until they achieve the desired per- 
formance level- The PCIe specification 
supports one-, two-, four-, eight-, 16-, 
and 3 2 -lane widths- 

EXPRESS LANES 

Almost all of the major board stan- 
dards have included PCIe along with 
other fabric extensions to boost data 
rates for high-performance applications- 
For example, PICMG (PCI Industrial 
Computer Manufacturers Group) fol- 
lowed the lead of desktop technology 
and incorporated PCIe into the Com- 
pactPCI specification. CompactPCIe of- 
fers scalable, high-bandwidth datapaths, 
packetized data protocols, and compat- 
ibility with PCI hardware and driver 
software. One of the latest incarnations 
of CompactPCIe in a small form fac- 
tor comes from General Micro Systems. 
The company's conduction-cooled, 3U 
CC40x single-board computer has a 
typical operating power consumption of 
3.5W (Figure 1). General Micro based 
the module on Intel's Atom processor 
operating at speeds as high as 1.6 GHz 
with 512 kbytes of L2 cache. The board 



AT A GLANCE 

□ The latest fabric-based module 
computers package the proces- 
sor, mass storage, and peripheral 
interfaces in a reduced-footprint, 
replaceable module. 

El Standards organizations are 
constantly updating board specifica- 
tions to provide embedded-system 
designers with off-the-shelf sources 
of pre-engineered products. 

El Most small-form-factor board- 
level specifications have opted for 
PCIe (peripheral-component-inter- 
connect-express) serial communica- 
tions to retain software compatibility 
with PCI-based software. 

El New module standards struggle 
to increase computing and com- 
munications performance and retain 
electrical and mechanical compat- 
ibility with legacy hardware. 



delivers as much as 1 Gbyte of SDRAM 
and as much as 16 Gbytes of bootable 
flash memory, six USB-2.0 ports, two 
serial ports, and two SDIO (secure-digi- 
tal-input/output) ports for custom I/O. 
In addition, the CC40x provides users 
with high-performance graphics with 
3-D acceleration and supports video res- 
olutions as great as 1280X 1024 pixels at 
85 Hz. Prices for the conduction-cooled 
version start at $3110. 

Continuing the small-form-factor 



theme, MEN Micro recently introduced 
the XMl computer module, which the 
company designed to comply with the 
proposed ANSI-VITA (American Na- 
tional Standards Institute VMEbus In- 
ternational Trade Association) 59 RSE 
(Rugged System-On-Module Express) 
mezzanine standard (Figure 2). The 
module couples the Intel Atom pro- 
cessor with 1 Gbyte of soldered DDR2 
SDRAM for lower power dissipation and 
a reduced form factor. RSE combines the 
computer on a mezzanine model with 
advanced cooling technologies, the lat- 
est serial buses, and rugged components 
to ensure reliable operation in the harsh 
environments of railway, avionics, in- 
dustrial-automation, medical-engineer- 
ing, and mobile applications. The In- 
tel-based XMl offers a screened-tem- 
perature range of -40 to +85°C. MEN 
Micro distributed the electrical signals 
on two 120-pin connectors and defines 
the signals only for modern serial buses, 
thereby eliminating legacy compatibil- 
ity. For PCIe, designers can configure 
four single-lane ports and one port as 
16, eight, two X four, or two lanes. Other 
ports include three GbE (Gigabit Ether- 
net), eight USB, and several utility sig- 
nals. Prices for the XMl start at $567. 

Conceived in the late 1980s to use 
desktop architecture in embedded sys- 
tems, PC/ 104 is one of the oldest and 
most popular small-form-factor open 
standards. With a connector arrange- 
ment meant for stacking boards with- 
out a card cage or a backplane, a PC/ 104 
computer board can also serve as a mez- 
zanine processor on an embedded base- 
board. The developers of PC/ 104 de- 
rived its name from the PC and the 
number of interface pins on the 16-bit 
ISA ( industry-standard-architecture) 
bus. Although the ISA bus is no lon- 
ger available on the desktop, it still has 
advantages for embedded systems. Pe- 
ripheral cards are simple, low-cost, and 
easy to design, all prime requirements 
of embedded products. The relatively 
low speed of the ISA bus also simplifies 
noise and EMI (electromagnetic- inter- 
ference) -protection schemes. However, 
the main reason for its continued pop- 
ularity is the large number of off-the- 
shelf products from which designers may 
choose. The PC/104'Plus specification 
emerged in 1997, and it gives board de- 
signers the choice of incorporating the 




Figure 2 The XM1 computer module targets harsh-environment applications by integrat- 
ing advanced cooling technologies, the latest serial buses, and rugged components. 
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The M IC38300 is a 3A step down converter and the first 
device in a new generation of HELDO™ products providing the 
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efficiency of a switching regulator. 

As output voltages move lower, the output noise and transient 
response of a switching regulator become an increasing challenge 
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the input of a high performance LDO, high efficiency is achieved 
with a clean low-noise output. 

For more information, contact your local Micrel sales representa- 
tive or visit us at: www.micrel.com/ad/mic38300. 
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ISA bus alone, the PCI and ISA buses 
together, or the PCI bus alone. PC/104' 
Plus requires a new connector to house 
the PCI'bus pins. This loss of board 
space is one of the few disadvantages of 
the PCI upgrade. 

CONFLICTING STANDARDS 

Efforts to further extend the PC/104 
specification to take advantage of high- 
speed data transfers have run into dif- 
fering opinions within the industry. In 
March 2008, the PC/104 Embedded 
Consortium adopted a new PCI/1 04'Ex' 
press specification combining the PCI 
and PCIe buses. For additional room 
on a module, the PCIe/104 version re- 
moves the PCI bus altogether. Develop- 
ers of the standard designed a new high- 
speed, surface-mount connector for this 
application. The connector handles the 
rugged environments of the embedded- 
system market, matches the 0.6-in. stack 
height of the PC/ 104 architecture, and 
transports the high-speed PCIe signals 
over large stack heights. You can down- 
load a free copy of the PCI/104-' Express 
specification at the consortium's Web 
site, www.pcl04-org. 

Offering a different approach to in- 
corporating PCIe into PC/104 archi- 
tecture, the SFF-SIG (Small Form Fac- 
tor Special Interest Group) announced 
details of the Express 104 specification 
defining a new small, stackable module. 
Express 104 specifies a 90x96-mm board 
with two 52-pin, high-speed SUMIT 
(stackable-unified-module-intercon- 
nect- technology) connectors that can 
support PCIe and USB as well as oth- 
er popular moderate-speed interfaces 
for I/O expansion. Signal-integrity-test 
results demonstrate that a stack of Ex- 
press 104 modules support data rates of 
5 GTbps, which is required for PCIe 
Generation 2. Designers can construct 
Express 104 modules with only SUM- 
IT connectors; however, its developers 
have defined a special configuration to 
support expansion with legacy PC/104 
modules. 

Offering a third approach to extend- 
ing PC/ 104, Micro/sys Embedded Sys- 
tems created a stackable architecture 
that the company based on the PC/104 
form factor. Although it does not incor- 
porate PCIe, the new architecture uses a 
modern communications protocol, USB, 
and retains the size and stacking advan- 
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Figure 3 With low-power- and portable-system applications in mind, Congatec recently 
announced the high-performance conga-CA processor module in a standard COM 
Express form factor. 



tages of PC/104. StackableUSB sup- 
ports as many as 16 peripheral boards, 
takes advantage of USB Plug and Play 
features, and eliminates the cable with 
a built-in stack- through connector. Fur- 
ther reducing the size, the Stackable- 
USB organization recently announced 
two new smaller module concepts that 
are one-half and one-quarter the size of 
a standard PC/ 104 board. 

MICRO CHASSIS 

PICMG members designed the Ad- 
vancedMC (Advanced Mezzanine 
Card), a relatively new small-form-factor 
standard, from scratch and based it on 
switched-fabric architecture. Advanced- 
MC modules include single-width, dou- 
ble-width, half-height, and full-height 
form factors. The basic single-width 



module is approximately 74X183 mm. 
The basic specification defines a fabric 
interface with as many as 2 1 ports or 42 
differential pairs, providing full-duplex, 
point-to-point connectivity between 
modules or to the baseboard. With a 
speed of 12.5 Gbps per port, Advanced- 
MC can handle multiple lanes of modem 
protocols, such as Ethernet, PCIe, Rapid 
I/O, and InfiniBand. With the high-per- 
formance, hot-swap, switched-fabric, and 
management features of AdvancedMC, 
designers suggested using these mod- 
ules to plug directly into a backplane 
for small, stand-alone systems. As such, 
the recently adopted MicroTCA (tele- 
com-computing-architecture ) specifica- 
tion provides a stand-alone chassis with 
a backplane that directly accepts Ad- 
vancedMC cards. The smaller form fac- 
tor makes the concept viable for lower- 
budget applications in telecom and a 
wide range of embedded projects. 

COM (computers on modules) Ex- 
press is another open PICMG industry 
standard for small-form-factor designs. 
COM Express includes PCIe to replace 
the PCI bus, PCIe Graphics as a replace- 
ment for AGP (Accelerated Graphics 
Port), and Serial ATA (advanced tech- 
nology attachment) as a replacement for 
Parallel ATA. The processor-architec- 
ture-agnostic COM Express defines only 
industry- standard system-I/O interfaces. 
In support of COM Express, Congatec 



[±] For more on fabric technologies tiiat 
reacti ttie mezzanine ievei, go to www. 
edn.com/articie/CA605525. 

El For anottier articie on embedded- 
systems standards and tiow to avoid 
tiigti-performance tieadacties, visit www. 
edn.com/articie/CA51 4961 . 

E] Go to www.edn.com/080626df 
and ciicl( on Feedbacl( Loop to post 
a comment on tiiis articie. 
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recently released the low-power conga- 
CA module, which it based on Intel's 
Atom processor and system-controller 
hub (Figure 3)- The conga-CA is avail- 
able with a LI- or L6-GHz processor, 
512-kbyte L2 cache, and as much as 1 
Gbyte of onboard DDR2 memory. Typi- 
cal power requirements for this module 
are less than 5W- The conga-CA sup- 
ports as many as two PCIe lanes, eight 
USB 1.0 ports, two Serial ATA ports, 
one IDE (integrated-drive-electronics) 
interface, and Intel high-definition au- 
dio- Additionally, the module features 
include two SDIO expansion sockets, 
a multimaster PC ( inter- integrated-cir- 
cuit) bus, and GbE. 

With a new wave of standards and 
updates that attack the data- transfer 
and cooling problems of small-form-fac- 
tor systems, embedded-system designers 
can purchase many of the most complex 
portions of compact- or mobile-product 
development- High-performance, off- 
the-shelf processor modules with built- 
in graphics and networking interfaces 
leave the design team with the applica- 
tion-specific technology plus packaging. 
With a shortened design schedule and 
early access to a compatible software-de- 
velopment platform, standardized small- 
form-factor modules may be just the 
ticket for your next development assign- 
ment.EDN 
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The ideal gas-powered car 
moves its driver and passen- 
gers from Point A to Point 
B in comfort while sipping 
gas and producing next to 
no harmful emissions. How- 
ever, car buyers have sharp- 
ly inflated their definition 
of "comfort" to the point at 
which many owners now expect their cars to 
provide satellite navigation, security, climate 
control, an Internet interface, and even bev- 
erage refrigeration. This escalation in features 
has caused a corresponding increase in the car- 
battery load when the engine is off and the car's 
electronics are in a sleep state. Designers of 
electronics accessories for cars have to balance 
the power needs of car features and accessories 

BY MARGERY CONNER • TECHNICAL EDITOR 
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with the finite power that a car battery contains when 
in a sleep state. In addition, rising gas prices make fuel 
economy increasingly important to consumers, causing 
automobile OEMs to turn to complex but efficient elec- 
troniC'Control systems for subsystems such as fuel delivery 
and air conditioning. 

Back when car electronics were primitive and gas was 
cheap, there was little incentive to conserve the power 
that the car electronics used. However, designers of auto- 
mobile accessories and subsystems must make designs that 
consume as little power as possible because today's cars al- 
most universally rely on a network such as the CAN (con- 
troUer-area-network) bus and have a stringent sleep-state- 
power budget for electronic subsystems. Sleep-state-power 
budgeting prevents, for example, a weary traveler return- 
ing to the airport parking lot after a two-week trip from 
finding that the car's always-on electronics had drained 
the battery in his absence. 

An air bag is an example of a system that turns com- 
pletely off when the car is parked; there's no need for air- 
bag deployment in a parked car. Other subsystems that 
still have a function when the car is parked, such as a key- 
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less-entry or alarm system, will remain 
on but in a sleep state, drawing a small 
"keep-alive" current- They are on a di- 
rect battery feed- Car OEMs define the 
car platform's power distribution within 
the network architecture so that power 
is available to always-on systems, while 
other systems are asleep, waiting for a 
wake-up signal from the network. Al- 
though companies do not make public 
the sleep-state-power budgets for the ac- 
cessories and subsystems, Tony Richard- 
son, product-marketing manager of the 
power-products group at Linear Tech- 
nology, estimates that [a constant drain 
of] 20 to 50 mA per day is a good range- 

Network architectures and sleep-state 
power budgets have all but eliminated 
the dead-battery-at-the-airport scenario 
for cars with healthy batteries- Howev- 
er, after-market add-on electronics can 
still pull a battery down. After-market 
electronics can't tap directly into the 
network and rely on a power connector, 
such as the cigarette lighter, for power. 

"Each OEM's messaging strategy is 
tightly controlled, and they don't open 
it up to after-market guys," says Kev- 



AT A GLANCE 

EI The sleep-state-power budget 
allows for less than 50 mA per day; 
the power regulator alone should 
have a quiescent current of less 
than 50 |jlA. 



□ Modern networked cars prevent 
their electronics from draining a car 
battery when the ignition is off, but 
after-market electronics can still 
suck a battery dry. 



EI The easiest way to increase a 
car's fuel economy is still to reduce 
its engine size. 



in Anderson, systems and applications 
manager for the analog-products divi- 
sion of Freescale. "For purposes of data 
integrity, it's not an open system." 

Even when the car's engine is run- 
ning and electrical power is plentiful, 
electronics accessories and subsystems 
still need to conserve power to manage 
car thermal hot spots and, increasingly, 
for fuel economy (see sidebar "Parasit- 
ic power losses"). Semiconductor and 
IC manufacturers continue to move in- 
to the automobile by adding low-power 



PARASITIC POWER LOSSES 



Where do car electronics fit in the 
big scheme of automobile-fuel 
economy? They are not too high 
on the list, as you can see from the 
US Department of Energy's fuel- 
economy Web site (Reference A): 
Less than 13% of the energy from 
the fuel you put into your tank 
serves to actually move your car. 
You lose the rest of the energy to 
engine and driveline inefficiencies; 
idling; and accessories, such as air 
conditioning. Table A shows the 
overall breakdown. 

This breakdown leaves you with 
12.6% to drive the car down the 
road. Although some improve- 



ments in fuel economy will come 
from aerodynamics and mechani- 
cal enhancements, there's still 
room for improvement due to elec- 
tronic controls. For example, using 
an integrated starter that turns the 
engine off at a stoplight and auto- 
matically restarts when you step 
on the gas can improve on that 
17% you lose to idling. 

REFERENCE 

A Advanced Technologies 
and Energy Efficiency, US 
Environmental Protection Agency, 
www.fueleconomy.gov/feg/atv. 



BREAKDOWN OF AUTOMOBILE-FUEL USAGE 



Car subsystem 



Engine 
Standby/idle 
Accessories 
Driveline losses 



62.4% 
1 7.2% 
2.2% 
5.6% 



Engine friction, moving air, wasted heat 



For example, air conditioning '^i ^ 



1 
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features and intelligence to even tela- 
tively simple electronics- 

INTELLIGENT SWITCHES 

Solid'State devices are replacing re- 
lays, once common automotive-load 
switches, for increased reliability as well 
as lower on-resistance- Although a re- 
lay might have a resistance of 25 to 100 
mil, an SSR's (solid-state relay's) resis- 
tance can be just 2 mH, roughly equiva- 
lent to a few feet of standard-gauge cop- 
per wire- Low resistance is important in 
subsystems such as the engine starter, in 
which current can reach 7 00 A- Other 
circuits' currents vary even as they re- 
main on- For example, when an incan- 
descent headlight first turns on, the 
bulb element is cold and allows a surge 
of initial inrush current of 100 to 150 A 
for 20 to 50 msec- As the current heats 
the bulb, however, the resistance in- 
creases, and the current flow drops to 5 
to 40 A, depending on the bulb size- In- 
telligent SSRs, such as Freescale 's eX- 
treme Switch product family, allow for 
the large initial inrush current with a 
variable setpoint- As the bulb heats up 
and the resistance changes, the setpoint 
moves to a new threshold for the lower 
current- However, if the current sudden- 
ly increases at that point, indicating a 
short circuit, the chip acts as a fuse and 
turns off, protecting both the switch and 
the load- These intelligent switches, in 
addition to being more power-efficient, 
also increase reliability and lower BOM 
(bill'of-materials) costs- 
Headlights are second only to a car's 
HVAC (heating/ventilation/air-condi- 
tion) system as an electrical-power load- 
HB (high-brightness) LEDs (light-emit- 
ting diodes) are finding use in city-light- 
ing systems due to their lower power re- 
quirements, durability, and long lifetimes, 
and these same features will probably 
make them standard features in both in- 
terior and exterior lighting for some cars 
in the next few years- Taillights and day- 
time running lights use them; Cadillac 
has announced that they will be avail- 
able in the Escalade Platinum's head- 
lights this summer (Figure 1)- 

In addition to power efficiency, LED 
headlights also make it easier to put the 
^ light where the driver needs it- Current 
■ l^p^ high- end cars feature electric- 
^•^^^^ motor-driven steerable head- 
lights that track the car's path 
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around a turn. An array of LEDs that turn 
on and off to light the path can eliminate 
the need for less reliable tracking motors- 

The main roadblock preventing solid- 
state lighting in cars is the cost- HB- 
LED'production numbers will have to 
grow to cause the price drop necessary 
to include them in Chevrolet models as 
well as Cadillacs- In addition, tempera- 
ture changes strongly affect LED-light 
output, with output varying by as much 
as 50% over the automotive- temperature 
range of subfreezing temperatures in the 
winter to triple digits in the summer. 

Headlight LEDs require sophis- 
ticated power-management ICs- 
"You don't just drive one LED in a 
headlight," explains Freescale's An- 
derson. "You drive multiple ones in 
strings, and their brightness must re- 
main constant, while the car-battery 
voltage can range from 8 to 16V in 
normal-run conditions. You need a 
switching power supply that will create 
a constant output with a variable input. 
Plus, LEDs themselves are not the same 
brightness universally, and they also age 
with time, so you have to make adjust- 
ments for each LED to make sure you 
get a constant output." 

HB LEDs in headlights are not the 
only subsystems that can justify the use 
of switching regulators in cars: Just about 
any module that the CAN bus controls 
can benefit from the high efficiency and 
variable output states of a switching reg- 
ulator as opposed to the older and sim- 
pler but less efficient linear regulators. 
Although none of the car OEMs publish 
the power budget for modules the CAN 
bus connects, Richardson of Linear 
Technology says that a consensus exists 
among the OEMs that any power regu- 
lator to power the microprocessor in an 
end system needs a quiescent current in 
the sleep mode of less than 100 fJuA, giv- 
ing the advantage to the more efficient 
switching regulators. For more on low- 
quiescent-current-switching design, see 
sidebar "Low-quiescent-current switch- 
ers target automotive-electronic design." 

Virtually all electronics subsystems in- 
clude processors, and some core-based 
processors can conserve power in their 
system-sleep state by lowering their volt- 
age, frequency, or both (Reference 1). 
For example, Texas Instruments' ARM 
(www.arm.com) -based TMS470 family 
uses dynamic-voltage scaling, which al- 




Figure 1 The Cadillac Escalade Platinum is one of the first produc- 
tion cars to use HB LEDs for headlights. LEDs also find use as 
indicators, taillights, and cabin lights. 



lows you to drop the 
voltage from, say, a 
normal operating voltage of 1.2V to a 
sleep state of IV, a corresponding current 
savings of 20%. Why not just complete- 
ly turn off the processor? Even though 
the system is in a sleep state, it still must 
be able to respond to some simple com- 
mands, albeit at a reduced response rate. 

Although such processor-based ICs 
have voltage management within the 
chip itself, these parts rely on external 
power-management parts to take the 
battery voltage, which is approximate- 
ly 13V, down to the IC's input voltage 
range of 2 to 3V. These power-manage- 
ment parts for the automotive world face 
a tough set of specifications for designs 
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for future cars: They must drop their qui- 
escent current from today's 100 fxA to 30 
to 50 fJuA to support the sleep-state-pow- 
er budget for power-management chips. 
Plus, they need to work more closely 
with the CAN bus for system-wake-up 
commands. Expect to see power-man- 
agement chips for the automotive mar- 
ket in the coming year begin to integrate 
CAN transceivers into the power-man- 
agement and power-regulation chips. In 
addition, power-management ICs must 
keep the switching-circuit EMI (elec- 
tromagnetic interference) from affecting 
the communication-transceiver portion. 
These new chips will face tough design 
criteria to meet the needs of automobile 
OEMs and module designers. 

As electronic controls creep further 
into car design, their potential for in- 
creases in efficiency goes beyond pow- 
er-regulation opportunities. A motor- 
driven compressor can more efficiently 
perform many functions that mechani- 
cal subsystems traditionally performed, 
such as the belt-drive compressor for 
air conditioning. Similarly, electric-mo- 
tor-driven, variable-assist power steering 
can improve fuel economy by as much as 
0.5 mpg in reducing parasitic losses com- 
mon in belt-driven hydraulic systems. 
Ford has announced it will be making its 
six-speed automatic transmission stan- 
dard in future cars. This transmission, 
which electronically shifts gears, is more 
fuel-efficient than current automatic or 
manual transmissions. 

(continued onpg61) 
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LOW-QUIESCENT-CURRENT SWITCHERS 
TARGET AUTOMOTIVE-ELECTRONIC DESIGN 




Modern automobiles continue to 
include increasingly complex elec- 
tronic systems. Furthermore, the 
automotive environment continues 
to be harsh for any type of electron- 
ics. Wide operating-voltage require- 
ments, large transient voltages, 
and large temperature excursions 
combine to make life tough on elec- 
tronic systems. What's more, the 
performance requirements continue 
to become even tougher. Multiple 
supply voltages are necessary for 
different portions of the system. A 
typical navigation system can have 
six or more supplies, including 8.5, 
5, 3.3, 2.5, 1.5, and 1.2V. At the same 
time, as the number of components 
increases, space requirements con- 
tinue to shrink. Therefore, efficiency 
becomes more critical in space- 
constrained systems because of the 
space limitations and temperature 
requirements. At low output volt- 
ages and even with current levels 
above a few hundreds of milliamps, 
it becomes impractical to use a 
linear regulator to generate these 
system voltages. As a result, over 
the last several years, primarily due 
to thermal constraints, switching 
regulators have been replacing linear 
regulators. The benefits of a switcher, 
including the increased efficiency 
and smaller footprint, outweigh the 
additional complexity and EMI (elec- 
tromagnetic-interference) consider- 
ations. 

A switching regulator in an automo- 
tive environment needs a wide input- 
operating range; good efficiency 
across a wide load range; low quies- 
cent current during normal operation, 
standby, and shutdown; low thermal 
resistance; and minimal noise and 
EMI emissions. 

Any switching regulator would 
need specification to work over a 
wide input-voltage range of 3 to 60V 
and could find use in automotive 
systems capable of running on 14 
or 42V. The 60V rating gives a good 



margin for 14V systems that usually 
clamp at 36 to 40V. Furthermore, it 
allows you to use the device in future 
42V systems. Therefore, you can eas- 
ily upgrade a design for a 14V system 
for a 42V system without any signifi- 
cant redesign. 

High-efficiency power conversion 
across a wide load range is essen- 
tial in most automotive systems. As 
an example, you can expect power- 
conversion efficiency of around 85% 
for a 5V output over a 1 mA to 1 .2A 
load range. At high currents, the 
internal switch needs good satura- 
tion-typically, 0.20 at 1A. To improve 
light-load efficiency, drive current is 
smaller or proportional to load cur- 
rent. Also, a bias pin, which the out- 
put can power, could supply power 
for the internal control circuitry, tak- 
ing advantage of the power-conver- 
sion efficiency of a buck converter. 
The fact that this bias current draws 
from the output rather than the input 
decreases the input supply current for 
the control circuit by the ratio of the 
output voltage to the input voltage. 
For example, an output current of 100 
|jlA at 3.3V requires an average input 
current of only 30 |jlA at 12V, mini- 
mizing the input current the control 
circuitry requires and increasing light- 
load efficiency. 

Many applications in automo- 
tive systems require continuous 
power even when the car is parked. 
Examples include remote keyless 
entry, GPS (global-positioning-sys- 
tem)-location tracking, and alarm 
systems. A key requirement for these 
applications is low quiescent current. 
The device would run in normal con- 
tinuous-switching mode until the out- 
put current drops below about 100 
mA. Below this level, the switching 
regulator must skip pulses to main- 
tain regulation. Between pulses, the 
regulator can go into a sleep mode 
in which only a portion of the inter- 
nal circuitry receives power. At light 
load currents, a switching regulator 
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needs to automatically switch to a 
mode in which the quiescent current 
drops below 100 |jlA for a 12 to 3.3V 
converter. The internal reference and 
power-good circuit remains active 
in sleep mode to monitor the output 
voltage. Quiescent current should be 
less than 1 fxA in shutdown. 

Ideally, the junction-to-case ther- 
mal resistance should be low. If you 
expose the backside of the device to 
copper and solder it to the surface 
of the PCB (printed-circuit board), 
you can use the PCB to conduct heat 
away from the device. Four-layer 
boards with internal power planes 
that are common today can achieve 
thermal resistance of nearly 40X/W. 
High-ambient-temperature applica- 
tions with good thermal conduction 
to a metal housing can achieve ther- 
mal-resistance numbers approaching 
a typical junction-to-case number of 
10X/W, which helps to extend the 
useful operating-temperature range. 

Although switching regulators 
generate more noise than linear 
regulators, their efficiency is far 
better. Noise and EMI levels have 
proved to be manageable in many 
sensitive applications as long as 
the switcher behaves predictably. A 
switching regulator switching at a 
constant frequency in normal mode 
and switching edges that are clean 
and predictable with no overshoot 
or high-frequency ringing minimize 
EMI. A small package and high oper- 
ating frequency can provide a small, 
tight layout, minimizing EMI radia- 
tion. Furthermore, if you can use the 
regulator with low ESR (equivalent- 
series- resistance) ceramic capaci- 
tors, you can minimize both input- 
and output-voltage ripple, which are 
additional sources of noise in the 
system. 
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Understanding Output Voltage Limitations 
of DC/DC Buck Converters 



By John Tucker 

Applications Engineer 

Introduction 

Product datasheets for DC/DC converters typically 
show an operating range for input and output volt- 
ages. These operating ranges may be broad and 
in some cases may overlap. It is usually not pos- 
sible to derive any arbitrary output voltage from the 
entire range of permissible input voltages. There 
are several factors that can cause this, including 
the internal reference voltage, the minimum con- 
trollable ON time, and the maximum duty-cycle 
constraints. 



Ideal Buck-Converter Operation 

Consider the theoretical, ideal buck converter 
shown in Figure 1 . The buck converter is used 
to generate a lower output voltage from a 
higher DC input voltage. 

If the losses in the switch and catch diode 
are ignored, then the duty cycle, or the ratio of 
ON time to the total period, of the converter 
can be expressed as 
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Figure 1. Tlieoretical, ideal bucl< converter. 
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The duty cycle is determined by the output 
of the error amplifier and the PWM ramp volt- 
age as shown in Figure 2. The ON time starts 
on the falling edge of the PWM ramp voltage 
and stops when the ramp voltage equals the 
output voltage of the error amplifier. The out- 
put of the error amplifier in turn is set so that 
the feedback portion of the output voltage is 
equal to the internal reference voltage. This 
closed-loop feedback system causes the output the converter will not switch, and the output volt- 
voltage to regulate at the desired level. If the out- age is V. If the error-amplifier output is above the 
put of the error amplifier falls below the PWM ramp PWM ramp peak, then the commanded duty cycle 
minimum, then a 0% duty cycle is commanded, is 100% and the output voltage is equal to the input 
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Figure 2. Typical PWM waveforms. 
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voltage. For error-amplifier outputs between these 
two extremes, the output voltage will regulate to 

VouT=DxV,N. (2) 

Practical Limitations 

For the ideal buck converter, any output voltage from 
V to V|N may be obtained. In actual DC/DC convert- 
er circuits, there are practical limitations. It has been 
shown that the output voltage is proportional to the 
duty cycle and input voltage. Given a particular input 
voltage, there are limitations that prevent the duty 
cycle from covering the entire range from to 100%. 
Most obvious is the internal reference voltage, Vref- 
Normally, a resistor divider network as shown in 
Figure 1 is used to feed back a portion of the output 
voltage to the inverting terminal of the error ampli- 
fier. This voltage is compared to Vref; ^ind, during 
steady-state regulation, the error-amplifier output 
will not go below the voltage required to maintain 
the feedback voltage equal to Vrer. So the output 
voltage will be 



VouT^Vp 
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(3) 



As R2 approaches infinity, the output voltage goes 
to Vref so that the output cannot be regulated to 
below the reference voltage. 

There may also be constraints on the minimum con- 
trollable ON time. This may be caused by limitations 
in the gate-drive circuitry or by intentional delays. 
This minimum controllable ON time puts an additional 
constraint on the minimum achievable Vqut- 
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where ton(min) is the minimum controllable ON time 
and fs is the switching frequency. 

The duty cycle may also be constrained at the 
upper end. In many converters, a dead time is 
required to charge the high-side switching FET gate- 
drive circuit. Feedforward circuitry may also cause a 
flattening of the PWM ramp waveform as the slope of 
the PWM ramp is increased while the period remains 
constant. This will limit the maximum output voltage 
with respect to V|n. Typically, if there is a maximum 
duty-cycle limit, it will be expressed as a percentage, 
and the maximum output voltage will be 



V, 
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Effect of Circuit Losses 

So far we have assumed that the components in the 
circuit are ideal and lossless. Of course, this is not 
the case. There are conduction losses associated 
with the components that are important in determin- 
ing the minimum and maximum achievable output 



voltage. Most important of these are the ON resis- 
tance of the high- and low-side switch elements, and 
the series resistance of the output inductor. Taking 
these losses into account, we can now express the 
duty cycle of the converter as 

. VoUT + 'out ^ (''□82 + F^l) 



(6) 



Mn -buTX(''DS1-''DS2) 

where rpsi is the ON resistance of the high-side 
switch, S1 ; rDS2 is the ON resistance of the low-side 
switch, S2; and Rl is the output-inductor series 
resistance. Since the loss terms are added to the 
numerator and subtracted from the denominator, 
the duty cycle increases with increasing load current 
relative to the ideal duty cycle. This has the effect of 
increasing the available minimum voltage. The worst- 
case situation for determining the minimum available 
output voltage occurs when the input voltage is at 
its maximum specification, the output current is at 
the minimum load specification, and the switching 
frequency is at its maximum value. The minimum 
output voltage is then 

VoUT(min) = ■ton(min) ^ %{max) ^ [MN(max) ~ 'oUT(min) 
^i^DS^ - ''DS2)] -[buT(min) X (''□82 +Rl)] ■ 

In contrast, the loss terms decrease the available 
maximum voltage, and the worst-case conditions 
occur at the minimum input voltage and maximum 
load current. Since the limiting factor, maximum duty 
cycle, is specified as a percentage, the switching 
frequency is not relevant. The maximum available 
output voltage is given by 

VoUT(max) = ^max ^ [MN(min) " loUT(max) ^ i^DS^ ~ ''DS2)] 
-['0UT(max)X(''DS2 + '^L)] ■ 

Please see Reference 1 for the complete version 
of this article, which includes typical application 
examples with calculated minimum and maximum 
output voltages. 

Conclusion 

While the ideal buck converter can theoretically 
provide any output voltage from V|n down to V, 
practical limitations do exist. The output voltage 
cannot go below the internal reference voltage, and 
internal circuit operation may limit the minimum 
ON time and maximum duty cycle. Additionally, 
real-world circuits contain losses. These losses can 
act to extend the duty cycle at higher load currents 
and may be an advantage when output-voltage 
extremes exist. 
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(continued from pg 58) 

There's also opportunity for power 
savings in the scheme by which the al- 
ternator charges the battery itself If it's 
a nice day that requires no air condition- 
ing, heating, or lights, the car requires 
less electrical power and puts a smaller 
load on the alternator. In most vehicles, 
however, the alternator provides an out- 
put to constantly charge the battery and 
is sized to provide a maximum load — for 
example, on a winter night when it's 
snowing, and the heater and lights are 
on. A more efficient alternator will vary 
its speed based on the load. 

ELECTRIC CARS AND PHEVs 

EVs (electric vehicles) and PHEVs 
(plug'in hybrid electric vehicles) oper- 
ating in their battery-only mode require 
the most power-miserly electronic sub- 
systems (Reference 2). General Mo- 
tors Vice President of Engineering Bob 
Lutz has talked about the importance 
of power efficiency in electronic acces- 
sories — even the mundane windshield 
wipers — for the Chevy Volt PHEV be- 
cause any subsystem that draws on the 
battery reduces the range of the Volt in 
its battery-only mode, currently about 
40 miles (Reference 3). 

Tesla Motors is developing a high-end 
lithium-ion-battery-powered EV with a 
240-mile range. As with conventional 
cars, cabin cooling is the largest acces- 
sory load for an EV, and Dan Adams, 
senior mechanical engineer for systems 
and integration at Tesla, estimates that 
it commonly takes about 2 kW of pow- 
er in an EV. "Cabin heating comes next 
in power consumption, but for an ICE 
[internal-combustion-engine]-powered 
car, waste energy required to cool the 
engine is enough to heat the cabin and 
thus is 'free,'" he says. Because the elec- 
tric power train in an EV is efficient, it 
takes awhile to heat, and the waste-heat 
power is much lower than the power 
available with a gas engine. The 3 kW to 
conventionally heat a cabin would be a 
serious drain on the battery's energy. EV 
manufacturers, such as Tesla, are work- 
ing on alternative methods for cabin 
heating, such as relying on seat heaters 
for localized heat, as well as PTC (posi- 
tive-temperature-coefficient) heaters for 
general cabin heating. 

Scott Brenneman, release engineer for 
vehicle electrics at Tesla, comments on 
how running accessories, such as a heater 
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or a radio, affect the range- "In general, 
some simple math shows the impact on 
the range," he says. "In rough terms, a 
given load would have a quantifiable ef- 
feet on a SO-kWhr battery pack, assum- 
ing you also knew the other loads- Back 
of the envelope, let's say the range over 
a given course is 240 miles, driven at an 
average speed of 30 mph, for a total time 
of eight hours- I suspect that the effect 
of most electrical subsystems on range 
is small except for a few items, such as 
the HVAC components. For instance, a 
I'kW load running half the time would 
consume 4 kWhr, or 4/50 = 8% of the 
range- I think this is an extreme case, 
since 1 kW of heating or cooling is a lot- 
Typical 12V loads, such as exterior lights, 
are less than 0.2 kW in this scenario and 
thus would reduce range by about 1.5%." 

Adams provides some perspective 
on the quest to eke out relatively small 
amounts of power efficiency in the ubiq- 
uitous automobile. "Cabin comfort [and 
car transportation in general] requires 
great quantities of energy compared to 
the basic scale of human energy needs," 
he says. "Thus, while a human can ride 
a bike and transport [himself] using only 
a fraction of a horsepower, a car driving 
20 mph can easily consume 10 kW with 
another 2.5 kW for HVAC if cooling is 
on." As a dedicated biker, however, Ad- 
ams is a bit biased.EDN 
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BY BARRY HARVEY • INTERSIL SEMICONDUCTOR 



Selecting video op amps 

VIDEO AMPLIFIERS HAVE UNIQUE AND DEMANDING 
SPECIFICATIONS. UNDERSTANDING THEM WILL HELP 
YOU SELECT AN AMPLIFIER THAT CAN DO THE JOB. 



Video op amps have improved significantly since 
their debut in the early 1990s. The first versions 
operated from ±15V supplies, featured band- 
widths of 50 MHz, and delivered slew rates in 
the low hundreds of volts per microsecond- To- 
day's fastest amplifiers run on ±5V supplies with 
bandwidths of 1-4 GHz and slew rates of 6000 V/fxsec- There 
are hundreds of versions available, and, to add to the chal- 
lenge, many applications require the lowest possible supply 
voltage- 

To simplify the design choices, it's important to identify ma- 
jor parameters of interest. Start with the kind of signal the op 
amp is passing, the available supply voltages, and the power 
dissipation that an application allows or tolerates. Important 
intangibles include ease of use and tolerance to board layout. 
This article covers the signal requirements and then reviews 
available amplifier topologies. Table 1 suggests amplifiers for 
different signals. 

VIDEO SIGNALS 

The op-amp industry adopted the composite-video format 
in monochrome form in the early 1940s and the color stan- 
dard in 1953 (Figure 1). White-level, color, and horizontal- 
and vertical' synchronous signals combine onto one conduc- 
tor. The synchronous signals originally guided the electron 
beam's horizontal line-scan in early CRTs. In today's digital 
televisions they perform memory-mapped data-stream timing. 

In US composite video, the synchronous pulses repeat at 
a 15,734'Hz rate. A flat region that represents a dark display 
and includes a chroma burst follows each horizontal synchro- 
nization. The burst is a number of 3.58-MHz sine waves that 
serves as a frequency reference for subsequent embedded color 
information. The composite-video receiver has its own chroma 
reference oscillator that resynchronizes each burst. The video- 
line-picture content follows the chroma burst. Figure 1 shows 
a sample video content in which a steady color amplitude rides 
on a white level that increases across the line. Pictures con- 
tain fairly unpredictable color and intensity content. The fig" 
ure does not show the vertical-synchronization patterns, which 
are the same amplitude as the horizontal synchronization but of 
complex pattern and durations. 

The maximum amplitudes of the synchronization feature, 
the chroma, and the white part of the figure are 300, 100, 
and 707 mV, respectively. These amplitudes make the maxi- 
mum peak-to-peak standard composite-signal amplitude ap- 
proximately 1.05V p-p. Not all combinations of chroma and 
white amplitude exist in the color space of a particular video 
standard. The amplifier must be biased within its supplies to 
be able to handle the signal. 

One source of video might be a DAC output, such as a ca- 



ble-tuner box. These sources generally place the bottom of the 
synchronized signal at ground, with video details going posi- 
tive. The boxes usually make output data samples at four times 
the chroma frequency but still have DAC- step artifacts that 
require filtering before use. Active filters using op amps fre- 
quently accomplish this task. Some op amps come with the 
appropriate filters and buffer the DAC output when you con- 
nect them to standard 750 video cable. The amplifier typical- 
ly drives a reverse-termination resistor in series with the cable 
to absorb any reflections, and this step loses one -half the out- 
put amplitude. The amplifier then has a gain of two to recover 
standard-output amplitude. 

It also is important to consider the voltage excursions of 
the signal with respect to available power supplies. The syn- 
chronous amplitude is on ground at the DAC output, and an 
amplifier has no problem passing this amplitude with a nega- 
tive-power supply. However, negative supplies are often un- 
available. Some amplifiers' inputs can linearly go to ground 
and have allegedly rail-to-rail outputs, but neither MOS nor 
bipolar rail-to-rail amplifiers are completely linear closer than 
about 100 mV from the supply rails. Figure 2 shows the differ- 
ential gain measurement of a low-power bipolar op amp run- 
ning on a single 5 V power supply. 

Differential gain is a measure of the deviation of ac gain 
over changing dc operating points. The output gain is stable 
only above an output dc level of O.IV. Although the synchro- 
nizing level is not critical and may be distorted, forcing an 
amplifier into output overload incurs a recovery- time penalty 
when it has to rise back above ground. This recovery time 
could adversely affect synchronization. In single-supply ap- 
plications, designers bias the output positive at approximately 
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Figure 1 A composite-video waveform combines white-level, 
color, and horizontal- and vertical-synchronous signals onto one 
conductor. 
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200 mV by using offsetting circuitry. 

The blue curve in the figure has a 15 OH 
load due to the 750 cable and termina- 
tion in series with 7511 back-match resis- 
ton It exhibits large differential gain er- 
ror as the output gets within 0.8V of the 
supply voltage. This situation occurs at a 
current of 28 mA, twice that of one stan- 
dard load and amplitude. The proper way 
to bias this amplifier would be to offset the 
input by 100 mV. At a gain of two, this 
approach produces an output swing of 
0.2 to 2.2V. With the positive head room 
of 0.8V, you establish a minimum supply 
voltage of 3 V. 

You use amplifiers to accomplish filter- 
ing, clamping, dc restoration, and buffer- 
ing of the signal. Buffering provides input- 
termination quality and routes the signal 
to any manner of nonterminated loads. 

Using ac coupling rather than dc res- 
toration or clamping yields a larger peak- 
to-peak signal to pass. The average level 
of video signals varies between dark and 
fully white (Figure 3). The average lev- 
el is the dc bias the amplifier's input pin 

receives from the input coupling capaci- 
tor. The peak negative excursion occurs during a static fully 
white signal, and the synchronous voltage is the dc bias minus 
0.86V. When a long-term, fully dark signal changes to a fully 
white signal, the first white level is temporarily peaking at dc 
bias plus 0.64V and slowly sags down to the upper waveform 
of Figure 4- Thus, the amplifier must support a video signal of 
1.5 V p-p, not IV p-p, as in the dc-coupled case. This situation 
can be problematic with low supply voltage. 

Generalized methods exist for offsetting or stabilizing dc lev- 
els. Circuits that perform dc restoration observe the synchro- 
nized signals and use timers to gate the burst-time interval. 
During this interval, a feedback loop forces the burst's average 
amplitude to a reference — ground, for example — and the off- 
set correction is in a sample-and-hold activity throughout the 
rest of the time. Circuits that clamp the synchronous signal's 
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Figure 3 The average level of video signals varies between dark 
and fully white. 



-■- AVERAGE IS 1 ; Rf=OIl; 3000 LOAD RESISTORS; ONE 

CONNECTS TO GROUND, AND THE OTHER CONNECTS TO 5V. 

AVERAGE IS 2; 30011 LOAD RESISTORS; ONE CONNECTS 
TO GROUND, AND THE OTHER CONNECTS TO 5V. 

Figure 2 The differential gain measurement of a low-power bipolar op amp running on 
a single 5V power supply shows that the output gain is stable only above an output dc 
level of 0.1V. 



negative-going extreme when you apply it through a capacitor 
also commonly establish offset. 

The performance of composite-signal amplifiers has several 
metrics. The first is differential gain, the measure of stability 
of ac gain at 3.58 MHz over the video range of dc levels. The 
required performance is 0.05 to 1% stability, depending on 
quality level. The differential phase, the variation of phase lag 
through the amplifier at 3.58 MHz with dc variations through 
the video region, is similar to differential gain. An excessive 
deviation of phase manifests itself as color errors on the screen. 
The range of required performance is 0.05 to 1°. You can think 
of phase variation with dc level as the frequency response it- 
self varying with output current and voltage. It is worst in low- 
quiescent-current amplifiers. 

Another figure of merit in composite-video-reproduction 
quality is group delay, the change of delay of signal compo- 
nents at one frequency relative to another frequency within 
the signal spectrum. Although delay is harmless, variations of 
delay cause visual edges to smear as different spectral compo- 
nents arrive at different times. Within the moderate spectral 
content of 4-5 MHz, a group delay constancy of approximately 
30 nsec is necessary. This delay is easy for most amplifiers that 
have at least 50-MHz bandwidth to achieve. 

The S video standard places the luminance and synchro- 
nous parts of the composite signal onto a Y channel and the 
color and chroma parts onto a C channel. The C channel has 
no dc variation, and differential-phase performance is unnec- 
essary. The Y channel has a slightly reduced 1 V-p-p swing, and 
the C channel has a 286-mV-p-p swing. Dual combined DAC 
filters/amplifiers and DAC filters and combining amplifiers 
that merge the Y and C channels into a composite output are 
available. 
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VIDEO SIGNALS' PERFORMANCE REQUIREMENTS 



You can capacitor cou- 
pie the output to save 
power. Because no dc 
current goes through the 
capacitor, the offset cur- 
rent is zero, and the video 
content is both sourcing 
(drawing supply current) 
and sinking (drawing no 
supply current)- This ap- 
proach uses three times 
less supply current than 
dc coupling. One draw- 
back is that the average 
video content causes a 
slow baseline wandering 
at the load. This wander- 
ing decalibrates the vid- 
eo level. To combat the 
problem, almost all video 
destinations have dc-re- 
store circuitry that reca- 
librates baselines at syn- 
chronous or burst events. 

The other drawback 
of capacitor coupling is 
that the capacitor must 
pass a lot of low-frequen- 
cy content because the 
video picture repeats 30 
times per second. With 
an effective 15011 load 
and approximately 5 -Hz low-frequency cutoffs, you need a 
200'|jlF coupling capacitor, a large and somewhat expensive 
component. 

Some video amplifiers incorporate so-called sag feedback 
paths that allow the use of substantially reduced coupling ca- 
pacitors. They work by feeding back signal from the load side 
of the coupling capacitor. Feedback induces the amplifier out- 
put to rise for low frequencies. Although the coupling capaci- 
tor loses low-frequency signals, the amplifier boosts them, and 
the final output maintains low-frequency gain. 

In many designs, you must offset the region around the chro- 
ma burst so that it is at ground, and the synchronous signal 
goes 300 mV below ground. This approach is practical with 
a negative supply and a dc-restoration or clamp circuit. For- 
tunately, some amplifiers come with charge-pump switching 
supplies that create a negative supply and dc-restore circuits 
that poise the burst interval at ground. Dual and quad devices 
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Coaxial composite 
video 
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1%, differential phase: 1° 
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-3-dB bandwidth of 200 MHz 
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- 3-dB bandwidth of 600 to 
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- 3-dB bandwidth of 350 to 700 
MHz, fast slew 
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enhanced 
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Figure 4 The peak negative excursion occurs during a static fully white 
signal. 



are also available; they place the burst area of the Y channel 
of S video at ground and the C mid voltage at ground. These 
devices also have the appropriate DAC filters. Output-charge- 
pump noise of representative parts is only 0.3 IRE (Institute 
of Radio Engineers) p-p. An IRE unit is 1% of the peak video 
range, or 7 mV. 

The other kind of analog-video transmission is component 
and has three color components. RGB (red/green/blue) is the 
common computer-monitor standard and offers the highest 
quality of component video. RGB achieves a fully white-to- 
fully dark transition on adjacent pixels to optimize font ap- 
pearance. For a common 1280X 1024'pixel display with a 60- 
Hz scan-refresh rate, the pixel rate is nearly lOOM pixels/sec. 
RGB components generally do not use DAC-reconstruction 
filters, instead transmitting the raw DAC output or a buffered 
version of it. Amplifier requirements are for a —3-dB band- 
width of 300 MFlz, a slew rate of 1 5 00 V/|JLsec, and a settling 
time of 7 nsec to 1%. 

The typical RGB amplifier is a triple with an in- 
ternally set gain of two. Back-matching resistors are 
external because IC processes do not give accurate re- 
sistor values. Single-supply amplifiers typically have a 
slew rate of only approximately 500 V/|JLsec and barely 
settle within a clock time. At the highest pixel counts, 
the amplifiers typically run on positive and negative 
supplies; are current-feedback or slew-enhanced, volt- 
age-feedback designs; and have more than enough 
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slew rate and bandwidth. Linearity for these de- 
vices should be 1 % or better, and dc offsets are not 
generally important because almost all monitors 
have a dc-restoration feature for their inputs- 

The other common component video is for 
HDTV (high-definition television), which uses 
the YPrPb standard- It has an overall luminance 
channel, Y; Pr, which contains red content minus Y; and 
Pb, which contains blue minus Y You derive green from the 
weighted differences of them all. In 1080i television format, 
the video has a spectral content of 30 MHz, which a DAC 
typically generates when running at 135M or 270M samples/ 
sec. An analog filter bandlimits and buffers the output-trans- 
mission line. Amplifiers should have better than 0.5 -dB flat- 
ness at 30 MHz; greater-than-200-MHz, -3-dB bandwidth; a 
200V/|JLsec minimum slew rate; and 0.3% linearity. Complete 
integrated filters and amplifiers have recently become avail- 
able, but many designs still use discrete amplifiers as active 
filters or passive LC (inductance/capacitance) filters with sup- 
porting amplifiers. 

Another variety of analog video is video over twisted-pair 
cable. Each component of this video is differential and trans- 
mits over Category 5 cable, which normally finds use in digi- 
tal-network communications. Category 5 cable is less expen- 
sive and bulky than standard RGB coaxial cables. Category 5 
cable is especially useful when video is concentrated, for in- 
stance, when users must access many computers in server clus- 
ters from a central control monitor and keyboard. Category 5 
cable has four twisted pairs, three of which are for video; the 
remaining one is for keyboard or mouse signals in the KVM 
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(keyboard/video/mouse) function. Various twist- 
ed'pair lines can be single-ended synchronous 
and computer-control signals- The single-ended, 
bandlimited signals prevent radio emission, but 
the twisted-pair, self-shielded, differential signals 
can operate at full pixel speeds- 
Single- supply, triple-Category 5 -cable drivers 
are available that include common-mode synchronous en- 
coding. Currently, all the differential receivers are ±5V de- 
signs, but they effectively reject common-mode interference 
over wide frequency ranges. Integrated receivers with equaliz- 
ers can undo the high-frequency losses the cables cause. Time 
equalizers are also available. Category 5 cable has twisted pairs 
with different winding pitches, and each pair is a slightly dif- 
ferent length. The time equalizers can delay the signals com- 
ing in from the shorter lines to catch up with the delayed sig- 
nals traversing the longer lines. 

AMPLIFIER TOPOLOGIES 

VFAs (voltage-feedback amplifiers) have noise- versus-slew- 
rate trade-offs. NTSC (National Television System Commit- 
tee) video is forgiving of noise, having only approximately 5 
MHz of signal bandwidth, and can tolerate a total noise of 50 
nV/A/Hz p-p in the signal chain for one IRE. The slew-rate re- 
quirement is only 22V/|JLsec. Supply current need not be more 
than 2 mA for line drivers with filters. Thus, VFAs, including 
CMOS devices, are good candidates for many applications. 

Component video has higher performance requirements, 
and you can use only the fastest VFAs in this application. 
These amplifiers require a bandwidth of 200 MHz or more, 
a slew rate of at least 200V/|JLsec, and 
noise in the chain to 20 nV/VHz. CFAs 
(current-feedback amplifiers) and older 
slew- enhanced VFAs perform the best 
but need dual supplies because they re- 
quire input and output head room. A 
new amplifier topology, a low-voltage, 
slew-enhanced VFA, is also now avail- 
able. These devices can operate on a 
single supply as low as 3V, their input 
ranges from ground to the supply mi- 
nus IV, and they have rail-to-rail out- 
put. The output slew rate, however, is 
greater than 2000V/|JLsec, meaning that 
video waveforms cannot cause slew dis- 
tortion in these amplifiers. Table 1 sum- 
marizes various signal tasks and recom- 
mends some part specifications.EDN 
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HATE HIGH MAINTENANCE? 




Try these long lasting lighting solutions. 
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Half the Size, Half the Lc 



Direct 48 V: 1.x V conversion in 91 A/in^ with 91% efficiency 
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PRM Model 
Number 


Vin 
Nominal 
(V) 


Vin 
Range 
(V) 


Output 
Power 
(W) 


Efficiency 
©Full Load 
(%) 


P048F048T24AL 


48 


36-75 


240 


96 


P045F048T32AL 


48 


38-55 


320 


97 



For full range of products, visit vicorpowercom/vichip 



VTM Model 
Number 


Vout 
Nominal 
(V) 


Vout 
Range 
(V) 


lout 
(A) 


Efficiency 
@50% Load 
(%) 


V048F015T100 


1.5 


0.81 - 1.72 


100 


91.0 


V048F020T080 


2.0 


1.08-2.29 


80 


94.2 


V048F040T050 


4.0 


2.17-4.58 


50 


94.8 


V048F120T025 


12.0 


6.50- 13.75 


25 


95.1 



32.5 X 22.0 X 6.6 mm 
1.28 x 0.87 x 0.26 in 



FACTORIZED P O V 



• Direct 48 V to load conversion 

• High efficiency for energy savings 
upstream 

• Small size, less parts 

• Fast transient response 

• Fast time to market 



The new PRM+VTM system provides 
the smallest, highest efficiency, highest 
density complete DC-DC conversion for 
high performance 48 V power applications 
such as servers, telecom and ATE. 

A PRM regulator +\/TM current multiplier 
chipset delivers up to 100 A or 300 W for 
48 V direct-to-load density of >500 W/in^. 

Call 800-735-6200 
fordesign support. 
Order evaluation boards 
now at: vicorpower.com/vichip. 



Products in mass production and available from stock. 



800-735-6200 



vicorpower.com/fpaedn 



BY STEPHEN WRAY • AUDIO PROCESSING TECHNOLOGY 

Bluetooth: sufficient fidelity 
even for average listeners? 

APPLICATIONS REQUIRE VIDEO SUPPORT AND ADDITIONAL AUDIO CHAN- 
NELS TO COPE WITH STEREO, DRIVING THE NEED FOR LOW-LATENCY 
CODECS. USING A BLUETOOTH CHIP SET SIMPLIFIES DEVELOPMENT 
AND ENABLES THE MANUFACTURER TO LEVERAGE THE BRAND RECOG- 
NITION THAT BLUETOOTH NOW ENJOYS AMONG CONSUMERS. 



Delivering seamless-quality audio in real time us- 
ing wireless technology is one of the great chal- 
lenges facing audio engineers- Bandwidth con- 
straints, coding delays, and the introduction of 
bit errors can all hamper wireless-audio trans- 
fers, thereby causing significant audio-quality 

degradation. 

The mobile-audio'device market has grown rapidly over re- 
cent years, producing consumers well-used to scrutinizing au- 
dio and less willing to compromise on quality- "Average Joe 
has grown a set of golden ears," you might say. Reinforcing 
this claim, in April 2007, Apple announced that, through 
the iTunes Store, it would be offering tracks at higher-quality, 
256'kbps AAC (advanced audio coding), a move signifying 
the mass market's increasing appreciation of quality audio. 

Along with this market trend, real-time wireless audio is ex- 
periencing escalating demand from emerging consumer mar- 
kets, a demand that manufacturers have so far struggled to 
satisfy. And the convergence of audio with video across the 
spectrum of consumer devices means that wireless audio has 
an additional issue to overcome. Any delay on delivery re- 
sults in lip-synch issues and an unsatisfactory user experience. 
Wireless headsets for mobile TV, video playback, and gaming, 
along with wireless speakers for stereo and 5.1 -channel sur- 
round connected to a video source, require real-time-audio 
delivery. 

Uncompressed CD-quality stereo audio uses a 1.411'Mbps 
bandwidth. For most wireless applications, this full bandwidth 
is impractical. Issues of design, efficiency, power optimization, 
and error resilience put pressure on available data rates. Al- 
so, in many standards and protocols, such bandwidth is simply 
not available. Bluetooth, for example, stipulates a maximum 
available bandwidth for A2DP (advanced audio-distribution 
profile) of 768 kbps. So, for high-quality stereo audio, it is nec- 
essary to use some form of audio coding to reduce the required 
data rate. 

WIRELESS AUDIO TODAY 

The proliferation of wireless technologies, such as Bluetooth 
and Wi-Fi, has given the consumer the ability to wirelessly re- 
ceive digital audio wherever he may be and however desired — 
in the home or on the move, by streaming audio over Wi-Fi 



from a Mac or PC, or by connecting a transmitter dongle to a 
mobile-audio device and listening with wireless headphones. 
However, with every technical advance, there is often a bot- 
tleneck in which one aspect of the technology advances be- 
yond the capabilities of another. 

Personal wireless audio has experienced such an issue. Band- 
width limitations are an obvious problem for wireless-system 
applications as manufacturers strive for ultralow-power con- 
sumption in mobile devices. For live streaming, audio-coding 
delays are again prohibitive constraints. Such delays have im- 
plications for video applications requiring lip-synching — for 
example, when using a wireless-stereo headset with a video- 
playback- supported iPod or a mobile-TV receiver. 

In bidding to be free of the wire, designers can take many 
approaches to handling wireless-stereo audio. For personal au- 
dio streaming, the predominant radio frequency is the license- 
free, 2.4'GHz spectrum because it can provide sufficient band- 
width, range, and power consumption. Bluetooth and other 
proprietary RF technologies operate in this frequency. 

The Bluetooth SIG (Special Interest Group) ratified the 
A2DP to manage the transfer of stereo audio, and the consumer 
market has subsequently experienced the arrival of A2 DP- en- 
abled products on both the audio-source and the headset sides. 
Motorola, for example, has come to market with products such 

MASKING MASKING- 
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Figure 1 Psychoacoustic techniques enable discarding of 
substantial portions of the audio information without adversely 
affecting quality. 
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as the S9 Bluetooth stereo-active headphones- However, an 
AZDP-supportive transmitter dongle will be necessary to en- 
sure connectivity to most audio players because audio sources 
do not yet widely use A2DR The reluctance of consumer- audio 
companies to integrate the A2DP profile has predominantly 
been due to issues of audio quality and coding delay. 

The industry regards 16-bit audio as the entry-level quality 
requirement for audio systems now on the market, along with 
a minimum sample rate of 44- 1 kHz to match that of the ven- 
erable audio CD. Consider the dynamic-range capabilities of 
various sample sizes: 96.32, 120.4, and 144-5 dB for 16-, 20-, 
and 24'bit digital audio, respectively. To achieve CD-qual- 
ity dynamic range in bandwidth-limited applications, such 
as Bluetooth-stereo headsets, necessitates the use of at least 
16-bit audio as the raw input; a compression technology that 
can reproduce virtually all of the original dynamic range sub- 
sequently transforms this audio (Table 1). The challenge is to 
find an algorithm that can deliver this quality level with low 
corresponding latency and maintain efficient processing pow- 
er to prevent excessive battery drain. 

The main difficulty for live audio is the coding-plus-decod- 
ing delay of compression technology. Although, in most wired 
systems, the lengthy video-decoding delay masks the audio- 
coding delay, wireless-system applications have no such luxu- 
ry. Developing the ability to lip-synch audio to decoded vid- 
eo after audio encoding, packetization, passage over a wireless 
link, and decoding is indeed a significant challenge. 

When dealing with wireless speakers for high-definition 
home theater, a delay greater than 10 msec can negatively 
impact the desirable seamless, full-surround-sound experi- 
ence for discerning viewers. For gaming applications, 10 msec 
would again be the target because gamers' reaction times allow 
no room for delay. It is one thing to hear audio while viewing 
video, but it is another thing to expect to hear audio and in- 
stantly react to it. 

Wireless-stereo headsets interacting only with audio sources 
can accept delays because audio-only applications have no need 
for lip-synch. However, when using a wireless headset with a 
video source, the difference is clear. Depending on screen size 
and distance from the device, the delay target for the indus- 
try is currently 40 msec or less. In most applications, the radio 
has its own inherent delay characteristics and complies with a 
standard. If you assume that radio delays and the packing and 
unpacking delays associated with the RF protocol are fixed, you 
have only the audio-compression delays to work with. 

Bluetooth is robust and ensures accurate signal delivery, but 
this focus on resilience results in fundamental delay issues. 
Bluetooth uses a series of fixed-size transmission and recep- 
tion slots, which therefore have response-time limitations. 
The Bluetooth protocol can re- 
transmit packets to correct er- 
rors in the transmitted stream. If 
you could minimize the retrans- 
missions by using a more robust 
algorithm, you could improve 
the system response. In addi- 
tion, avoiding frame-based algo- 
rithms, which require filling an 
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Figure 2 Variable-step-size quantization and differential coding 
are at the core of the ADPCM compression approach. 



entire frame of audio samples before decoding, further mini- 
mizes delay. 

THE NEED FOR COMPRESSION 

Bluetooth A2DP has a maximum available bandwidth of 
768 kbps. So, audio compression is necessary to deliver two- 
channel digital-stereo sound. Myriad compression technolo- 
gies are currently available, each targeting and offering ben- 
efits in specific applications. However, most of them derive 
from two fundamental audio-compression processes: perceptu- 
al techniques based on psychoacoustic models of hearing (Fig" 
ure 1) and predictive techniques, which as their name im- 
plies, employ a system of predictive coding. They are therefore 
known as ADPCM (adaptive-differential-pulse-code-modula- 
tion) codecs (Figure 2). 

Generally, the higher the compression ratio, the more audio 
content you lose. With perceptual codecs, such as MP3, AAC, 
and their derivatives, analysis of the frequency spectrum results 
in the removal of any content the technology deems impercep- 
tible to the human ear. This technique requires buffering of an 
audio sample of approximately 512 bytes to perform the analy- 
sis. Buffering is often the fundamental source of coding delay. 
The complexity of the audio can also affect the delay of the en- 
coding process. The psychoacoustic procedure, with its ability 
to produce high compression ratios and retain reasonably high 
audio quality, is processor- intensive and therefore not a good 
approach for power-efficient, battery-powered devices. 

ADPCM codecs operate in a different manner, due to their 
unique characteristics. PCM is the digital representation of 
an analog signal, wherein regular sampling of the signal mag- 
nitude at uniform levels results in quantization to a series of 

symbols in a digital 



KEY AUDIO METRICS 



Sampling frequency 
(kHz) 


Resolution 
(bits) 


Per-channel 
bit rate 


4-to-1 compression 
ratio (bits/sec) 


44.1 


16 


705,600 


176,400 


44.1 


20 


882,000 


220,500 


44.1 


24 


1,058,400 


264,600 



code. CDs are exam- 
ples of the implemen- 
tation of PCM audio. 
ADPCM involves 
audio-value encod- 
ing as the difference 
between the current 
and the previous val- 
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Intersil's Li-lon/LI-Polymer Battery 
Charger provides 28V protection for 
both cradle AND USB charging. 

ISL9214Key Features: 

^ 28V protection for both cradle and USB 
input allows users to utilize low-cost, large 
output tolerance adapters. 

^ Charge current Thermaguard™ protects IC 
against over-temperature events. 

^ Programmable charge current/end-of- 
charge current allows designer to customize 
to exact requirements. 

^ Fixed 380mA USB charge current prevents 
exceeding USB max charge current. 



Go to www.intersil.com for samples, datasheets and support 






The ISL9214 allows the flexibility to use either 
fast-charging rates of an AC adapter or the 
convenience of a USB charger. 

Cradle Input: The max input voltage tolerance 
is 28V, programmable end-of-charge current, 
and the included end-of-charge latch is the 
default input source. 

USB Input: Takes input from USB port or 
other low-voltage supply, fixed charge current 
at typically 380mA, and only charges when 
cradle source is not connected. 

End-of-charge indicator is latched, based on 
completed charge. 

When the battery voltage falls below minimum 
spec, the charger operates with a trickle 
charge current of 14% of the programmed 
cradle input or at 53mA for USB power. 



Intefsil 

HIGH PERFORMANCE ANALOG 



Intersil - Switching Regulators for precise power delivery. 

©2007 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design). 



AUDIO-COMPRESSION OPTIONS 



Algorithm 


Compression 
ratio 


bit rate vKops; 


Encode-to-decode 
delay (msec) 


MPS 


12-to-1 


128 


326 at 1 28 kbps 


AAC 


Variable 


128 or 256 


172 


AAC low density 


Variable 


128 


60 


SBC 


Variable 


366 (bit pool: 55) 


2.6 


apt-X 


4-to-1 


384 


1.87 



ues, and the quantization 
step size varies to allow a 
bandwidth reduction for 
a given SNR ( signal- to- 
noise ratio)- 

The quantization pro- 
cess is by nature lossy, 
and, depending on the 
accuracy of the linear pre- 
dictor and inverse quanti- 
zation you use, it can pro- 
duce small errors in the reproduced audio- However, removal 
of audio content does not occur, and PCM is therefore a popu- 
lar technique in applications in which issues with tandem cod- 
ing or transcoding would otherwise exist- ADPCM-based algo- 
rithms range from International G.711, G.722, and G.726 co- 
decs for low-bit-rate voice to professional broadcast standards, 
such as apt-X, for high-quality, multichannel audio (Table 2). 
Their shared feature is their low delay, which enables real-time 
two-way communication. As the ADPCM technique does not 
buffer a frame of audio and analyze the full-audio spectrum with 
each encoding step, the processing delay is also a fraction of 
that you find in the alternative perceptual-coding approach. 



AUDIO-CODING OPTIONS 

Some years ago, the Bluetooth SIG selected the SBC 
(smart-bit-rate-control) compression algorithm, which Philips 



developed, as a manda- 
tory codec to ensure in- 
teroperability for Blue- 
tooth products. The 
SIG chose this codec 
for a number of reasons. 
It was freely available 
to the Bluetooth SIG, 
it has low complexity 
in processing overhead, 
and it has better encod- 
ing-and-decoding latency than alternative compression algo- 
rithms, such as MP3 and AAC. With the arrival of Bluetooth- 
stereo headsets, however, widespread concerns arose regard- 
ing SBC's ability to deliver full-bandwidth, high-quality au- 
dio. Additionally, providers of Bluetooth A2DP devices claim 
that, using SBC, their devices could only occasionally achieve 
the industry target of 40-msec delay for lip-synching. 

The wireless link is typically not robust enough to achieve 
low latency, and high processing and power consumption also 
do not make SBC viable in certain situations. For these rea- 
sons and because of substantial A2DP demand, several fab- 
less-semiconductor companies have brought to market propri- 
etary technologies that offer full-bandwidth uncompressed au- 
dio operating over a 2.4'GHz RF spectrum. These approaches 
aim to match CD-audio-quality requirements and have real- 
time-transfer ability, but they have drawbacks in power con- 



Filtering Inductors 

from a power specialist 

You may be aware that Murata Power Solutions is the world's largest 
supplier of DC/DC converters. But did you know that we have over 40 years' 
experience manufacturing wound magnetics? 



In addition to filtering inductors we also offer: 



Common-mode chokes 
Databus isolators 
Current sense transformers 
Digital audio transformers 



Silicon support transformers 
Agency approved transformers 
Custom designs 



Our magnetics range includes surface- 
mount and through-hole package styles 
and a variety of formats including toroidal, 
axial, radial, shielded, and unshielded. 



Have you evaluated a sample yet? 



www.murata-ps.com/magnetics 



Tel: 800 233 2765 Fax: 508 339 6356 
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Pick the Rails You Need 




Optimized Topologies: Buck-Boost, Buck, Boost & LDO 

Power designs for multiple output rails in battery-powered portable devices are challenging - especially when these rails can 
be above, below or equal to the input supply. Linearis new family of multiple output and multitopology converters enable 
straightforward and compact solutions. Our family of DC/DC regulators features up to four outputs with conversion topologies 
that include buck, boost, buck-boost and LDOs. Furthermore, most provide 95% efficiency, fast transient response and 
2.25MHz switching in tiny OFN packages. 



▼ Selected Multifunction Output ICs 



▼ Info & Free Samples 



Part No. 


Buck (Iqut) 


Boost (Isw) 


Buck-Boost (Iqut) 


LDO (Iqut) 


Package (mm) 


LTC®3544 


300mA + 200mA + 
200mA + 100mA 








3x3 QFN-16 


LTC3562 


600mA + 600mA + 
400mA + 400mA 








3x3 QFN-20 


LTC3445 


600mA 






50mA + 50mA 


4 x4 QFN-24 


LTC3670/72 


400mA 






150mA + 150mA 


2x3 DFN-12/2x2 DFN-8 


LTC3100 


250mA 


800mA 




100mA 


3x3 QFN-16 


LTC3446 


1A 






300mA + 300mA 


3x4 DFN-14 


LTC3541 


500mA 






300mA 


3x3 DFN-10 


LTC3545 


800mA + 800mA + 
800mA 








3 x3 QFN-16 


LTC3522 


200mA 




400mA 




3x3 QFN-10 


LTC3520 


600mA 




1A 


LDO Controller 


4x4 QFN-24 


LTC3537 




600mA 




100mA 


3 x3 QFN-16 


LTC3523 


400mA 


600mA 






3 x3 QFN-16 


LTC3527 




600mA + 400mA 






3 x3 QFN-16 


LTC3547 


300mA + 300mA 








2x3 DFN-8 


LTC3419 


600mA + 600mA 








3x3 DFN-10, MS10 


LTC3548 


800mA + 400mA 








3x3 DFN-10, MS10E 


LTC3407A-2 


800mA + 800mA 








3x3 DFN-10, MS10E 


LTC3417A-2 


1.5A + 1A 








3x5 DFN-16, TSSQP-20E 



www.linear.com/multioutputregs 

1-800-4-LINEAR 




Free Portable 
Solutions Brochure 



www.linear.com/portsolutions 



£J, LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 



rjvvm. 

.^^mF TECHNOLOGY 



sumption — because the radio must transmit full 
uncompressed audio — and Bluetooth-standard 
compatibility. 

Many mobile devices integrate Bluetooth chips, 
offering monophonic-headset interaction for 
voice, and several handsets offer the A2DP for 
stereo streaming. An additional proprietary ap- 
proach not only requires an additional chip, but 
also introduces compatibility issues due to the fact 
that there is no agreed-upon compliance standard for audio 
transfer between consumer devices. 

The ideal scenario for many consumer-electronic and mo- 
bile-device companies would be to use Bluetooth and provide 
full-bandwidth stereo-audio-quality streaming in real time. 
Only a few companies currently provide products to fulfill 
this need. Given the issues regarding using psychoacoustic 
algorithms, you should discount MP3 as a viable technology 
for wireless transfers. Therefore, you must look at ADPCM- 
based alternatives. US-based Open Interface North America, 
for example, in 2003 launched Soundabout eSBC (Enhanced 
SBC). Based on the same principles as SBC, eSBC allows a 
510-kbps data rate and, hence, some quality benefit. However, 
this higher data rate comes at the expense of power consump- 
tion, which can have a significant impact on battery life, and 
the algorithm offers no latency improvement. 

Last year, UK-based Audio Processing Technology partnered 
with a leading Bluetooth-chip provider to provide an SBC al- 
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ternative. The company's apt-X audio algorithm 
also uses ADPCM principles but incorporates ad- 
ditional techniques for accurate linear prediction 
and inverse quantization to retain optimal audio 
quality. Matching uncompressed CD quality, apt- 
X offers a dynamic range greater than 92 dB and 
runs at 384 kbps. The overall framework of apt-X 
ensures a robust connection, which enables opti- 
mization of the overall Bluetooth system latency. 
The technology can also synchronize within 3 msec on start- 
up or in response to a dropout, and the algorithmic coding de- 
lay is less than 2 msec to ensure real-time connections. With 
such offerings now available, it is likely that Bluetooth-stereo 
headsets will mature in performance and quality throughout 
2008 and that the market for these devices will experience 
strong growth.EDN 
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Nanopower Voltage Supervisor 




Expanding Our Famfly of Ultra-Low Power Products 

The LTC®2935 is the latest addition to our growing family of ultra-low power ICs targeted at energy conserving applications. 
Drawing just 500nA of quiescent current, this voltage supervisor is ideal for monitoring single Li+ cells or up to three AA 
batteries with minimal impact on the power budget. Three voltage select pins set the internal precision resistor attenuators to 
one of eight voltage reset and early warning threshold combinations to ensure smooth system shutdown. Offered in ultra-tiny 
8-pin TSOT23 and 2mm x 2mm DFN lead-free packages, the LTC2935 enables more environmentally friendly designs. 



▼ Linear: The Low Power IC Leader 



▼ Info & Free Samples 



Part No. 


Function 


Supply Current 


Features 


Package 


LTC2934/ 
LTC2935 


Voltage Supervisors 


iQ^O.SgA 


Early Warning Power Fail Output, 
Manual Reset Input, ±2.5% Accuracy 


TS0T23-8, 
DFN-8 (2x2) 


LTC2453 


Analog-to-Digital Converter 


IsHDN^O.SpA 


16-bit Delta Sigma ADC, ±Vcc Differential 
Input Range, PC-Compatible I/O 


TS0T23-8, 
DFN-8 (3x2) 


LTC1540 


Comparator + Reference 


Iq=1.5mA 


Wide Supply Range: 2V to 11V, 1.2V 
Reference, Adjustable Hysteresis 


MSOP-8, 
DFN-8 (3x3), SO-8 


LT®3009 


Linear Regulator 


Iq = 3pA 


20mA Low Dropout Regulator, No-Load: Iq = 3|jA; 
20mA Load, Iq = 450[jA 


SC70-8, 
DFN-6 (2x2) 


LT3481 


Step-Down 
Switching Regulator 


Iq = 50mA 


36V 2A, 2.8MHz Switching Regulator, 
50[\A lQat12V|^to3.3VouT 


MSOP-10, 
DFN-1 0(3x3) 


LTC3834 


Synchronous 
Step-Down Controller 


Iq = 30mA 


Wide 0.8V to 1 0V 20A Output Range, 

±1 % Output Voltage Accuracy, 

Phase-Lockable Fixed Frequency: 140kHz to 650kHz 


TSSOP-20, 
OFN-20 (4x5) 


LT6003 


Amplifier 


iQ.lpA 


Single/Dual/Quad Family, 1ijA(Max.) per Amplifier, 
1.6V to 16V Supply Range, -40°Cto +125°C 


TS0T23-5, 
DFN-4 (2x2) 



www.linear.com/2935 

1-800-4-LINEAR 




System Monitor 
Sample Kit 
Available for 
Qualified 
Customers 



www.linear.com/sysmonkit 
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op Amp Circuit Collection 
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AMPLIFIER TYPE 



Low Bias Current 



SELECTED CIRCUIT 



Shock Sensor Amplifier (Accelerometer) 



APPLICATION 



Any 



MATCHING CIRCUITS ! 



The Following Circuits match 
the search criteria selected above. 



40nVpp Noise, 0.05uV/C 
Drift, Chopped... 



60Hz Notch Filter 



Accelerometer Signal 
Conditioner 



DC Accurate Composite 
Amplifier 



Eight Decade Current 
Sensing Log Ampl... 



Inverting Charge Amplifier 



Large Area Photodiode 
Bootstrapping 



Low Noise 1 1VIW 
Trans-lmpedence Amplifier 



Low Noise AC Difference 
Amplifier 



Shock Sensor Amplifier 
(Accelerometer) 



MURATA 
PKGS-OOLD 
770pF 
0" SENSOR 




X" 



8.2pF 

2M I 2IVI 



3.9pF 3.9pF 

iHI-HH 




VouT-109mV/g 
BW - 2.2kHz 



47pF 



I View Full Size Image 



View Product Page 



View Original Data Sheet 



A shock sensor is a capacitive piezoelectric element that generates a charge under physical 
acceleration. This charge can be converted to a voltage and filtered using high valued resistors 
and a high input impedance CMOS amplifier such as the LTC6081. This circuit has a gain of 100 
and output of 1 09m V per g of acceleration. 





Precision Low Bias Current CMOS Op Amps 



Part No. 


■b (pA) 


VosTO 
Max. 


GBW 
(MHz) 


Is/Amp 
(mA) 
Max. 


Channels 


Comments 


Package 


LTC®6081 


0.2 


70 


3.6 


0.4 


2 


TCVos = 0.8pV/X Max. 


MS-8, DFN-10 


LTC6082 


0.2 


70 


3.6 


0.4 


4 


TCVos = 0.8pV/X Max. 


DFN-16, SSOP-16 


LTC6087 


1 


750 


14 


1.2 


2 


General Purpose 


MS-8, DFN-10 


LTC6088 


1 


750 


14 


1.2 


4 


General Purpose 


DFN-16, SSOP-16 


LTC6078 


0.2 


25 


0.75 


0.072 


2 


TCVos = 0.7pV/°C Max. 


MS-8, DFN-10 


LTC6079 


0.2 


25 


0.75 


0.072 


4 


TCVos = 1.4|jVrC Max. 


DFN-16, SSOP-16 


LTC6240 


0.2 


175 


18 


2.4 


1 


Low Frequency Noise = 550nVp.p 


SOT-23-5, SO-8 


LTC6241 


0.2 


125 


18 


2.2 


2 


Low Frequency Noise = 550nVp.p 


DFN-8, SO-8 


LTC6242 


0.2 


150 


18 


2.2 


4 


Low Frequency Noise = 550nVp.p 


DFN-16, SSOP-16 


LTC6244 


1 


100 


50 


5.8 


2 


Low Frequency Noise = 1 .5|jVp.p 


DFN-8, MS-8 



▼ Info & Free Samples 



www.linear.com/circuits 

1-800-4-LINEAR 
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XT LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 
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Simple fixture statically tests 
programmable-gain amplifiers 

Marian Stofka, Slovak University of Technology Bratislava, Slovakia 



MH The advent of instrumental 
U tion amplifiers with digital gain 
switching offers obvious advantages, 
such as board-space saving, higher re- 
liability because of fewer solder joints, 
and lower total cost- These valuable 
features stem from the fact that the 
gain-setting networks are integral 
parts of the monolithic ICs- This fea- 
ture makes these IC amplifiers much 
less sensitive to stray electromagnetic 
fields because the area of internal resis- 
tors is a negligible fraction of the pre- 
viously used discrete gain-setting resis- 



tors- Moreover, the value of the rela- 
tive permittivity of the plastic package 
and that of the silicon chip are higher 
than that of the air. As a consequence, 
the field strength of the electrical com- 
ponent of any stray field penetrating 
into the chip is lower than that in the 
surroundings. 

Because the gain-setting circuitry is 
inaccessible directly, a digitally gain- 
programmable amplifier is a black box. 
However, the simple fixture in Figure 
1 can help to evaluate some of the stat- 
ic characteristics of these ICs. The fix- 
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Figure 1 Comprising a handful of components, this circuit allows you to per- 
form your own, independent testing of basic static properties of digitally gain- 
programmable amplifiers. 
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ture comprises Analog Devices' (www. 
analog.com) lOVREFOl voltage-refer- 
ence cell, ICp the elderly but still ex- 
cellent industry standard, and a high- 
precision fixed resistive divider. These 
components provide a millivolt-range 
output voltage. 

Multiplying the ratio of the resistive 
divider by the maximum voltage gain of 
the tested programmable-gain amplifier 
should give a value of one. The circuit 
uses tablet-type film resistors having 
tolerances of 0.1% maximum, yielding 
a voltage of 10.02 mV at the output of 
the divider. The two gain-setting logic 
inputs of the DUT (device under test), 
an Analog Devices AD8253, connect 
to short-stranded conductors, which 
gold-plated pins terminate. Resistors 
Rp^ and Rp^ force the logic level at gain- 
programming inputs Aq and A^ to be 
low when you disconnect these pins. 
To set a high level on either or both 
pins, insert them into the gold-plated 
counterparts. Two such counterparts 
interconnect mechanically and elec- 
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trically and remain at the Vg potential. 
The DUT uses all permutations of the 
binary values at and logic (Ref" 
erence !)♦ The corresponding voltage 
gains are one, 10, 100, and 1000- 

The evaluation procedure involves 
measuring the output voltage of the 
DUT with resistor both connecting 
to and disconnecting from the output of 
IC^- Thus, you obtain an output voltage 
of the gain times 10-02 mV and OV for 
all voltage gains- The OV output volt- 
age has a nonzero value because of the 
input'voltage offset; this voltage might 
seem high at first glance. However, any 
fraction of a millivolt of the input-volt- 



age offset times a gain of 1000 yields a 
fraction of a volt at the output. 

When you calculate the differences 
of the lO.OZ-mV and OV output volt- 
ages for the respective values of gain, 
you get a pleasant surprise: These val- 
ues differ from the ideal values of 10.02 
mV times the gain by less than 0.05%. 
Using this test, you can confirm the 
precision of the laser-trimmed gain 
settings. The relatively low value of 
ensures that the additional input- 
offset error arising from input bias cur- 
rent of the DUT has a value of less 
than 3 [xV, whereas the typical value 
is 0.5 fxV Because proper grounding 



is an absolute necessity when deal- 
ing with tens-of-millivolts scale and 
high- voltage gains, you must connect 
supply grounds, digital ground, and 
other rough grounds with the fine sig- 
nal grounds in one common junction. 
Figure 1 illustrates this approach by 
using unusual slanted lines for ground- 
ing leads. tiJi^ 



REFERENCE 

n "AD8253 10 MHz, 20V/pLS, G=1, 
10, 100, 1000 iCMOS Program- 
mable Gain Instrumentation Amplifier," 
Analog Devices, www.analog.com/pr/ 
AD8253. 



Control system uses 

LabView and a PC's parallel port 

Carlos Alberto Aguilar Sandez, Centro de Estudios Superiores del Estado 
de Sonora, Unidad sede San Luis Rio Colorado, Sonora, Mexico 
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Figure 1 The sensors, indicator lights, and door motor of a parking lot connect through 
relays to the parallel port of a PC. 



The circuit in this Design Idea 
controls the inbound and out- 
bound traffic of cars in a parking lot. 
This project uses National Instruments 
(www-nixom) LabView as the main 
programming tool and a PC's parallel 
port for I/O- Basically, the cir- 
cuit uses the PC's status port, 
379h, as an input for sensors, 
which a relay isolates to pre- 
vent damage on the PC (Fig' 
ure 1 ). At the data port, 378h, 
the DO bit controls a door, Dl 
is a stop signal, D2 is the go sig- 
nal, and D3 is an indicator of 
when the parking lot reaches 
its limit- All the signals drive 
PN2222A transistors having 
an external power supply — in 
this case, the PC's power sup- 
ply. In this way, you can use 
relays as loads and control ac 
voltage for the traffic lights 
and door motor. The transis- 
tor, which DO drives, controls 
a DPDT (double-pole/double- 
throw) relay to invert the mo- 
tor's polarity. 

Figure 2 shows the LabView 
diagrammatic program for con- 
trolling the parking lot. The 
VI (virtual instrument) in Fig- 
ure 3 a changes the inputs to a 
low state because all inputs are 
high by default inside the sta- 
tus register. All inputs have a 
low state when you do not ac- 
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Protect your product with 
Maxima thermal-management ICs 




NOTEBOOKS 
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FAN CONTROLLERS 



ANALOG TEMPERATURE 
SENSORS 



AUTOMOTIVE 



DIGITAL TEMPERATURE 
SENSORS 



Examples of Maxim's best-in-class thermal-management ICs 



Part 


Description 


Feature 


Benefit 


MAX6675 


Thermocouple-to-digital converter 


Digitizes thermocouples with no external components 


Simplifies design, saves space 


MAX6620 


4-channel fan-speed controller 


±1 % accurate fan-speed control; linear output for 
2- and 3-wire fans 


Improves acoustic performance 


DS600 


Analog temperature sensor with thermostat 


±0.5°C accuracy: industry's most accurate 
analog temperature sensor 


Improves system performance 


MAX6697 


7-channel remote temperature sensor 


±1°C accuracy 


Reduces board space, saves cost 


MAX6514 


Temperature switch 


±1 .5°C accuracy: most accurate temperature switch 


Improves system performance, reduces guardbands 


DS7505 


Digital temperature sensor 


±0.5°C accuracy: most accurate, 
industry-standard temperature sensor 


Improves system performance 



Technical Support 
www.maxim-ic.com/support 

>M>JXI>I/I A 



DIRECT 



www.maxim-ic.com/shop 



electronics marketing 

www.avnet.com 



ykiyjxiyM 

www.maxim-ic.com/TempSensors 



For a free sample, visit www.maxim-ic.com/samples or call 1-800-998-8800 

Distributed by Maxim Direct and Avnet Electronics Marketing. The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All riglits reserved. 
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Figure 2 This LabView VI (virtual instrument) controls the operation of a parking lot. 



DB25 



INPUTS 
INPUT 4 
INPUTS 
INPUT 7 
INPUT 6 



(a) 

INCREMENT- 
DECREMENT- 
LIMIT - 
FEEDBACK - 

(b) 



► 




► 


CONTROL 






AND 






LIMIT 









irvmnnnf\ DISPLAY 



ITERATION 



SENSOR IN 
FEEDBACK 1 
FEEDBACK 2 
(c) 



LATCH ER 



■ ITERATIONS 

■ LATCHED OUTPUT 



SET- 

RESET ■ 
(d) 



FLIP-FLOP 



■ Q 

■QNOT 



Figure 3 These Vis change the inputs to a low state (a), determine a limit for the number of cars in the parking lot (b), work 
as a latch-on-release circuit (c), and act as a flip-flop (d). 
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High Performance Analog 




Improve your performance in 
handheld devices with Intersil's 
high-performance analog ICs. 
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Analog Mixed Signal: 

^ Amplifiers 

— DCPs 

^ Light Sensors 
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— RS-232 interface 
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^ Voltage References 
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Intersil -An industry leader in Switching Regulators and Amplifiers. 
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Power Management: 

^ Backlight Drivers 
^ Battery Authentication 
^ Battery Chargers 

— Fuel Gauges 

^ Integrated FET Regulators 
^ LCD Display Power 

- LDOs 

^ Memory Power Management 
^ Overvoltage and 

Overcurrent Protection 
^ Voltage Monitors 
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tivate the sensors- The VI in Figure 3b 
determines a limit for the parking lot, 
allowing incrementing and decrement- 
ing the number of cars parked- This VI 
also drives a user-oriented display and 
the shift-register connectors, feedback 
and iteration, on a "while" loop- The 
VI in Figure 3 c works as a latch-on-re- 
lease circuit; it generates a pulse upon 
an iteration when the circuit releases 
the high state on any of the input sig- 
nals- The VI in Figure 3d works as a 
flip'flop- The VI in Figure 4 allows 
switching from automatic to manual 
mode- Feedback and iteration termi- 
nals connect to shift registers, so the 
latches and the flip-flops inside the VI 
work correctly- EDN 
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Figure 4 This VI allows switching from automatic to manual mode. 



General-purpose components 
implement USB-based 
data-acquisition system 

V Gopalakrishnan, 

Indira Gandhi Centre for Atomic Research, Kalpakkam, India 



Figure 1 presents a Design Idea 
for a USB'based data-acquisi- 
tion system that uses a serial ADC em- 
ploying general'purpose components, 
such as D flip'flops, a binary counter, 
and a shift register. Using the DLP- 
USB245M FIFO--to^USB--convert' 
er module from DLP Design (www. 




0Q1 
Q1 



D1 



74LS74 



D2 
FF2 R2 
S2 



C2V, 
^GNDA 
7J 11 



cc 



0.01 ^JLF 



-05V 



,0^ 



CPO 



QO 
CP1 



T0.OI |xF 



□out SCLK 

SHDN 

S 

MAX 187 



V|N GND 



C3 

0.01 |xF 
4 



-0 5V 



^4.7 |xF 



4.7 |xF " 



C5 

0.01 ^JLF 



ov 



ANALOG 
INPUT 



GND 



Qa 
Qb 

Qe 
Qf 
Qg 



DO 
D1 
D2 
D3 
D4 
D5 

DLP-USB245M 

D7 

RD 
RXF 
WR 



311 0|1 1^ 

-1- Ce 

[0.01 ^JLF 



USB 
CONNECTOR 
TO PC 



O 5V 



Figure 1 This circuit performs a serial-to-parallel conversion of serial-ADC data and transfers the data to the USB port of 
a PC. 
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Ideal Diodes Protect Against Power Supply Wiring Errors 

Design Note 444 
MeilissQ Lum 



Introduction 

High availability systems often employ dual feed power 
distribution to achieve redundancy and enhance system 
reliability. ORing diodes join the feeds together at the 
point of load, most often using Schottky diodes for low 
loss. MOSFET-based ideal diodes can be used to replace 
Schottky diodes for a significant reduction in power 
dissipation, simplifyingthethermal layout and improving 
system efficiency. Figure 1 shows the LTC4355 and 
LTC4354 combining the inputs and returns in a -48V, 5A 
dual feed application. This solution reduces the power 
dissipation from 6W using Schottky diodes to just 1.1W 
with MOSFETs. 

With two supply sources and four supply connections 
there are plenty of ways to incorrectly connect the wires. 
Although the likelihood of a wiring error is small, the cost 
is high if downstream cards are not designed to tolerate 



-cTUD- 



FDS3672 




such errors. Wiring errors could include reverse polarity 
or cross-feed connections. Knowing this, circuit design- 
ers are accustomed to using discrete diode solutions to 
protect against such mishaps. It is important that active 
ideal diodes give similar protection. 

Types of Misconnections 

Figure 2 shows the correct power supply connections. 
RTNA and RTNB are close in potential by virtue of 
the common connections to safety ground represented 
by Rgnd- 

Figure 3 shows a reversed input connection with RTNA 
and NEGA swapped. The associated ideal diodes are 
reverse biased, making the wiring error transparent to 
the load with BATTERY B providing power. 

XT, LT, LTC and LTM are registered trademarks of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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Figure 1. -48V Ideal Diode-OR 



Figure 2. Correct Power Supply Connections 
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Figure 4 shows another misconnection with RTNB and 
NEGAswapped, so one powersupplyisconnected across 
the RTNinputsoftheLTC4355andtheothersupply across 
the -48V inputs of the LTC4354. In this case, the reverse 
input protection network ofthree diodes shown in Figure 
1 prevents damage to the LTC4355. The load operates 
from BATTERY B, but only after the current has passed 
through the ground wiring. 

Figure 5 shows BATTERY B installed incorrectly. The 
reversed battery has no effect on the load because the 
diode connected to NEGB is reverse biased. The voltage 
across the LTC4354 can exceed 100V and an external 
clamp may be added to protect its DRAIN pin. 

Figures 2-5 have the correct safety ground connections 
to RTNA and RTNB. Damage can occur if there is a large 
potential difference between RTNA and RTNB. Figure 6 



shows the safety ground, Rqnd. mistakenly connected 
to NEGB instead of RTNB. This connects the power 
supplies in series and the voltage seen across the load 
nears 100V which can cause damage, a situation no dif- 
ferent than encountered with a discrete diode solution. 
A TransZorb placed across the output protects the load, 
until a fuse on the input opens to isolate the high voltage 
from the load. 

Conclusion 

In dual feed applications, the supply connections can 
be erroneously wired, potentially causing damage to 
the load. An ideal diode solution using the LTC4355 and 
LTC4354 provides protection similar to Schottkys, but 
with much lower power dissipation. The end result is a 
compact layout and improved efficiency. 
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Figure 3. Reversed RTNA and NEGA Connection 



Figure 5. Reversed BATTERY B 
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Figure 4. RTNB and NEGA Swapped 



Figure 6. GND IVIisconnected to NEGB 
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dlpdesign.com), you can communicate 
with the peripheral device through the 
USB port of a host computer. You can 
write your own program to read and 
write the data through this module or 
simply download free test-application 
software available from DLP's Web 
site. Additionally, you could download 
National Instruments' (www.ni.com) 
Lab View serial-read and- write Vis (vir- 
tual instruments ) . 

Writing a dummy block of data from 
the host computer to the buffer of the 
DLP'USB245M generates a spike at 
the module's RXF pin, which triggers 
the D flip^-flop, FF^ of the 74LS74- The 
flip-flop's Q2 pin initiates the conver- 
sion cycle of the MAX187 serial ADC 
from Maxim (www.maxim-ic.com) by 
pulling down its chip-select pin. The 
ADC's end'of'Conversion cycle causes 
a loW'tO'high transition from its D^^^ 
pin, which triggers the other D flip- 



YOU CAN WRITE YOUR 
OWN PROGRAM 
TO READ AND WRITE 
THE DATA THROUGH 
THIS MODULE. 

flop, FF^ of the 74LS74, to generate a 
gating pulse, Ql, for the serial-clock 
I pulses that read the data from the same 
I Dq^^ pin of the ADC. The 74LS90 bi^ 
nary counter counts the serial-clock 
pulses. When the count reaches nine, 
the counter resets the gating pulse for 
the serial clock and pushes back the 
chip-select signal to a high level by re- 
setting both FF^ and FF^, ending the 
ADC's acquisition cycle. 

The system acquires the data at the 
falling edge of the MAX187's SCLK 



pin and shifts it into the 74LS164 seri- 
al-to-parallel shift register at the rising 
edge of the next SCLK. The MAX187 
needs nine serial-clock pulses to shift 
valid 8-bit data. This circuit uses only 
8 bits of the 12-bit ADC. If the circuit 
requires all 12 bits, then you must con- 
nect all NAND gates at the appropri- 
ate outputs of the binary counter to 
generate a reset signal by its 13 th clock 
pulse, and you must make the shift reg- 
ister larger. 

The serial data from the ADC con- 
verts to parallel data in the serial-to- 
parallel shift register; a WR (write) 
signal to the DLP-USB245M then 
transfers this data to the PC. This ac- 
tion is a complement of the CS signal 
from Q2 of the 74LS74. The DLP-US- 
B245M's RXF pin generates a trigger 
to initiate the conversion cycle and 
clears the previous data of the shift 
register. EDN 



Small, simple, high-voltage supply 
features single IC 

Alfredo H Saab and Tina Alikahi, 

Maxim Integrated Products, Sunnyvale, CA 

Sensors, electrostatic traps, regulated, high-voltage power sup- 
and other applications require plies that deliver modest amounts of 
\ . 
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Figure 1 Obtaining feedback from a low-voltage secondary winding, this high- 
voltage supply generates 500V with low quiescent current. 



I 



output current- Simplicity, low qui- 
escent current, and compactness are 
desirable in such supplies. The cir- 
cuit of Figure 1 meets these require- 
ments, and its magnetically isolated 
output allows you to configure a posi- 
tive, negative, or floating output- A 
separate winding that generates a 
feedback voltage proportional to the 
output voltage, but lower, enables the 
floating output. This arrangement 
eliminates the need for high- value re- 
sistors in a resistive-feedback divider, 
which the circuit would otherwise re- 
quire for direct sampling of the high- 
voltage output. This low-voltage di- 
vider contains resistors with much 
lower values, which dissipate much 
less power. 

The MAX 1605 IC from Maxim 
(www.maxim-ic.com) contains the 
necessary switching regulator, modula- 
tor, error amplifier, and power switches 
(Reference 1 ). It drives the primary of 
a toroidal transformer that includes a 
feedback secondary and several output 
windings. With the component values 
in the figure, the circuit can generate 
500V (figures 2 and 3). You can vary 
the output voltage ±30% by adjust- 
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Figure 2 The graph shows output voltage and input current 
versus input voltage. 



600 
500 
400 

OUTPUT 300 
VOLTAGE 

(V) 200 

100 






OUTPUT \ 


/OLTAGE 




> 












































INPUT CURRENT 

1 







) INPUT 
CURRENT 

. (mA) 



100 150 200 
LOAD CURRENT (|xA) 



Figure 3 The graph shows output voltage and input current 
versus load current. 



ing the ratio of the resistive-feedback 
divider. You can also increase or de- 
crease the output voltage in steps by 
adding or removing the rectifier/ca- 
pacitor/output-winding modules- The 
BAV21 is a high- voltage, low-reverse- 
current, general-purpose diode. 
As with all switching converters, EMI 



(electromagnetic interference) and cir- 
cuit parasitics can present problems. 
The circuit needs careful PCB (print- 
ed-circuit-board) layout, along with fil- 
tering, decoupling, and shielding. The 
high-voltage output has approximately 
1% ripple. You can add an RC or an 
LC filter in series with the output to 



achieve lower output ripple.EDN 

REFERENCE 

n "30V Internal Switch LCD Bias 
Supply," MAX1 605 data sheet, 
Maxim, October 2003, http:// 
datasheets. maxim-ic.com/en/ds/ 
MAX1605.pdf. 



CMOS DACs act as 

digitally controlled voltage dividers 

John Wynne and Liam Riordan, Analog Devices, Limerick, Ireland 



Digital potentiometers, such as 
Analog Devices' (www.analog. 
com) ADS 160, make excellent digital- 
ly controlled voltage dividers in appli- 
cations in which 8-bit resolution is ac- 
ceptable. This Design Idea shows how 
to use a CMOS DAC as a voltage di- 
vider in applications requiring higher 
resolution. 

Millions of CMOS R2R (resis- 
tor/two-resistor) -ladder DACs have 
found use in attenuator applications 
in which an external op amp acting as 
a current-to-voltage converter forces 
one current-output terminal to a vir- 
tual ground. The reference input to the 
DAC can be ac or dc as long as the op 
amp can produce the desired output 
voltage. A phase inversion is normal 
between input and output, so the cir- 
cuit requires dual power supplies. 

Figure 1 shows a way to rewire this 
simple circuit to avoid the phase inver- 



sion and to operate with a single sup- 
ply. In this configuration, the DAC 
acts as a digitally programmable resis- 
tor, and the DACs code changes the 
effective resistance between the input 
voltage and the Iqu^^ output-current 
terminal of the DAC. Figure 2 shows 
a practical implementation using one- 



half of an Analog Devices AD5415 
dual 12-bit current-output DAC oper- 
ating as a voltage divider. This figure 
omits the DACs control lines for clar- 
ity. Op amp A^ forces the voltage on 
the Iqut2a output-current terminal to 
follow the voltage on the Iq^^^^ out- 
put-current terminal. This approach 
prevents a voltage differential from de- 
veloping between these two bus lines, 
which would result in the application 
of different gate-source voltages across 
the internal DAC switches and a dete- 
rioration in the DAC linearity. 



V, 



iNO-Tlc 

Ir 




Figure 1 This simple circuit avoids a phase inversion and operates with a 
single supply. In this configuration, the DAC acts as a digitally programmable 
resistor. 
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WHAT DO WE HAVE TO DO, DRAW YOU A PICTURE? 

Only Actel gets you this close to zero. Any other claims of low power superiority are just that. According to their 
own data, Altera® and Xilinx®use between 10 and 1700 times the power of Actel IGLOO® FPGAs, depending on 
device and mode. Want specifics? Visit us to get the whole picture, including a video of actual measurements. 



^I^more proof and pictures at actel.com/power 
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Wire the split-feedback 
resistors, Rp^ and to 
produce a composite-feed- 
back resistor equal in value 
to the DAC's ladder imped- 
ance, R- For this arrange- 
ment the circuit-transfer 
function is Vq^^/Vj^= (R)/ 
(Repp+R)) where R^pp is the 
effective DAC resistance 
that is under digital con- 
trol Its value is R(2")/N, 
where n is the resolution 
of the DAC and N is the 
binary equivalent of the 
digital-input code- Sub- 
stituting the second equa- 
tion into the first and assuming zero 
DAC gain error, the circuit-transfer 
function for a 12-bit DAC reduces to 
Vout/V,n=1/(1+4096/N). With all 
switches off, the effective impedance 
between the reference voltage and the 
^ouTiA is infinite, so the out- 

put voltage starts at OV when you load 
zeros into the DAC. The output volt- 
age increases linearly with increasing 



5V 

1 



VpEpA ^DD 'OUTIA 

DAC A 

GND loUT2A 



T 




Figure 2 This practical implementation of the circuit in 
Figure 1 uses one-half of a 1 2-bit-current-output AD541 5 
dual DAC that operates as a voltage divider. 



code, ideally to approximately half 
the input with all ones applied to the 
DAC. 

The threshold voltage of the DAC's 
internal N-channel-CMOS switches 
limits the maximum value of the out- 
put voltage, so not all configurations 
can achieve the full code range. The 
switch-gate voltage remains at the V^^j^ 
voltage, and the switch-source volt- 



age rises with the voltage on 
^ouTiA* ^^^^ voltage in- 
creases, the on-resistance of 
the switches becomes large 
and indeterminate, leading 
to a flattening of the output 
voltage and the cessation of 
the circuit as a predictable 
voltage divider. For proper 
operation, the V^^j^ voltage 
must be a few volts higher 
than the maximum output 
voltage — that is, half the 
input voltage. Otherwise, 
the input voltage must be 
less than two times the V^^j^ 
voltage minus 3V. With a 
voltage of 5V, the AD5415 oper- 
ates linearly to approximately a 3.33V 
output but then flattens. If a wider 
output-voltage range is necessary, you 
could use Analog Devices' AD7541A, 
which uses a 15V power supply, in 
place of the AD5415. This substitu- 
tion extends the usable output-signal 
range to approximately 7V.EDN 



AS1341 

► 20V Maximum Input Voltage 

► 600mA @5V from 12V Input 

► 96% Efficiency 

► 1.25V Minimum Output Voltage 

► 1 2pA Low Quiescent Supply Current 
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powered devices 

► Small size 
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M16C - Protecting code investment 
MIBC with true code & pin compatibility 

Platf arm 

Enables connectivity with CAN, LIN, PLC, ZigBee and DMAC 



Renesas Technology 

No. 1* supplier of microcontrollers in the world 

presents the Ml 6C Family, the industry's only fully code compatible platform 
that addresses the entire 8-bit through 32-bit price/performance application 
space. The M1 6C Family of devices protects your code investment with 
seamless code and pin compatibility across the platform. The M1 6C platform 
features optimized peripheral mapping and on-chip memory that permits 
applications ranging from 24K bytes to 1M bytes, with between 42 and 144 
pins, in an efficient 1 6-bit CISC architecture. Reduce your overall 
development time and cost with a cross-platform code base and development 
tools from Renesas Technology. 



M16C Product Lineup 




Loiver p/n count, rec/ucecf function 



HOT Products 



M16C/30P Group 



* M30302FCPGP#U5C: 100 pin, LQFP, 128K Flash / 5K RAM 



M16C/30P Block Diagram 



IVI16C/60 
CPU Core: 

16MHz 




DMAC: 2ch 



i. 



J 




^-Chip Debug , 



Top Reasons to select M16C MCU 

• Broad Platform & Compatibility 

- Wide selection: 24KB to 1 MB Flash, 42 to 144 pin 

- Up/downgrade in same package, same board 
design 

- Saves costs and protects code investment 

• Powerful and Easy 

- Banked registers & high speed interrupts (M32C) 

- Optimized instructions for 1 cycle operations 

- High-speed hardware multiplier 

- Common Tool Chain across the platform 

- Proven middleware: ZigBee, CAN, motor control 

• Versatile & Efficient 

- Specialized peripherals: CAN, PLC, motor control 

- Efficient mapping for practical application 

- Flexible DMAC for efficient connectivity 

- Multiple clock sources and power saving modes 

• Quiet EMI/EMS 

- Built-in noise cancellation, fewer components 

• Reliable and Secured 

- Trusted flash and protection registers 

- Fail-safe features: oscillator-stop, non-stop WDT 



*Source: Gartner (March 2007) "2006 Worldwide Microcontroller Vendor Revenue" GJ07168 



Get Started Today 




Go online and register to be eligible for a FREE M1 6C Starter Kit * 

www.america.renesas.com/ReachM1 6C/a 



*Only available to customers in North and South America 



RenesasTechnology Corp. 




DEVCON 

Developers Conference 
Oct. 13-15 San Diego 
www.RenesasDevCon.com 



Everywhere you imagine. 



Support Across The Board 



Bryan Fletcher 

Avnet 

Global Technical Marketing 
Manager 



David Loftus 

Xilinx 

Vice President / General Manager 
General Products Division (GPD) 
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Bringing Products to Life. 

At Avnet Electronics Marketing, support across the board 
is much more than a tagline for us. From design to 
delivery - we are deeply committed to driving maximum 
efficiency throughout the product lifecycle. 

The Challenge 

When the world's largest FPGA maker Xilinx was 
mounting the launch of its latest Spartan™-3 Generation 
family of low-cost FPGAs, the company wanted to ensure 
designers would have everything they need to compete in 
the highly competitive high-volume market. Xilinx turned 
to longtime partner Avnet to lend its technical expertise in 
creating a complete solution. 

The Solution 

Avnet spent countless engineering hours alongside 
Xilinx - developing a comprehensive solution of starter 
kits, development boards, and Speedway™ educational 
workshops. With Xilinx® Spartan-3 Generation FPGAs and 
Avnet's support across the board, designers have access 
to all they need to save up to 50 percent in total system 
cost over competing FPGAs. 

Visit www.em.avnet.com/xilinxspartan3kits to learn 
more about Spartan-3 solutions and to purchase a 
Spartan-3A evaluation kit for only $39! 



electronics marketing 



Accelerating four Success' 




Avnet Green Initiative 



1 800 332 8638 
www.em.avnet.com 



©Avnet, Inc. 2008. All rights reserved. AVNET is a registered trademark of Avnet, Inc. 
©2008 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included 
herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners. 
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Distributors look to shine with HB-LED opportunity 



HB LEDs (high-bright- 
ness light-emitting di- 
odes) hold great op- 
portunity for the electronics 
supply chain and are particu- 
larly attractive to distributors, 
as the technology will require 
full-system approaches from 
suppliers and manufacturers. 

Analysts estimate that gen- 
eral illumination, signs and 
displays, and automotive ap- 
plications will push HB LEDs' 
high-growth opportunities for 
driver ICs from 2007 to 201 1. 
Those opportunities will re- 
cord a combined compound- 
annual-growth rate of 38% 
and the total market for HB- 
LED-driver ICs is expected to 
grow to more than $ 1 .9 billion 
in 201 1, according to Strate- 
gies Unlimited. 

Gary Eskow (photo), direc- 
tor of Avnet LightSpeed (www. 
em.avnet.com/lightspeed), at 
an EDS (Electronics Distribu- 
tion Show and Conference) 
panel in May shed some light 

IV 




on what distributors need to 
do to win in the HB-LED mar- 
ketplace. He noted three ne- 
cessities for success, the first 
of which is specialized knowl- 
edge. "That's the distributor's 
ability to understand these 
new types of customers and to 
speak in their language. This is 
the language of light. It's not in 
diodes; it's not in capacitors or 
microcontrollers. It's a different 
world." 

Eskow said that distributors 
need to understand the mar- 
ket fully, comprehending its 
pressures and the legislation 
affecting it, and then be able 
to tie all of that information 
together, which led him to his 



second strategy for success: 
recognition that HB LEDs are 
not single components but full 
systems. 

"It's the understanding that 
an LED is not a component. It 
requires thermal heat manage- 
ment and interconnect, knowl- 
edge of phosphors, microcon- 
trollers. There's a lot of pull 
through associated with that. 
Typically I would say for every 
dollar in HB LED, there are $2 
to $5 in pull through," he said, 
noting that lighting sales lever- 
age the sales of other products 
on Avnet's line card. 

Eskow's third ingredient for 
success is patience. He noted 
that a lot of industry analysts, 
such as Strategies Unlimited, 
are predicting tremendous 
growth for HB LEDs but said 
that such growth is going to be 
incremental. 

"That [growth] will happen, 
but . . . the next year or two are 
going to be slow as things en- 
gage," Eskow said. 



ROMS DECABDE EXEMPTION ENDING 



After a challenge from Denmark and the Eu- 
ropean Parliament, the European Commission- 
granted EU ROMS (European Union restric- 
tion-of-hazardous-substances) exemption for 
DecaBDE (decabromodiphenyl ether) will end 
on July 1 . 

DecaBDE is a common flame retardant used 
in various components and electronics, includ- 
ing HIPS (high-impact-polystyrene) enclosures, 
polyethylene-wire insulation, and PBT (polybutyl- 
ene-terephthalate) connectors, as well as in some 
types of nylon and other plastics. 
^ Experts expect the end of the DecaBDE ex- 



emption to be a significant issue for component 
suppliers, as some of their customers will no 
longer accept plastics with DecaBDE because 
of time-line pressure, from buying parts to put- 
ting finished products on the market. They also 
expect a significant problem for manufacturers 
with stocks of parts containing DecaBDE be- 
cause they cannot include those parts in ROHS- 
compliant equipment put on the EU market as 
of July 

To comment on the end of the DecaBDE ex- 
emption, visit www.edn.com/blog/570000257/ 
post/3 10025831. html. 



EMS GROWTH : 

CONTINUES ! 

AT DOUBLE- ! 

DIGIT RATE / 

While the ODM (original-de- 
sign-manufacturer) sector con- 
tinued to grow at the higher 
rate of 23% in 2007, the EMS 
(electronic-manufacturing-ser- 
vices) sector still accounted for 
more than 60% of the industry, 
growing at an annual rate of 
1 7% in 2007 and generating 
$268.1 billion in revenues, 
according to recent research 
from IDC (www.idc.com). 

Computers and consumer 
devices remained the two 
largest product segments, 
respectively making up 36% 
and 29% of last year's EMS 
industry revenue. 

"While computing remains 
the largest single sector, fol- 
lowed by consumer devices, 
the industrial segment expe- 
rienced constant solid growth 
for EMS firms and displaced 
servers and storage as the 
third-largest product segment 
for the industry," says Michael 
Palma, senior research analyst 
for IDC's semiconductor group. 

"CD Ms need to evaluate 
current product and customer 
portfolios, and look beyond 
notebooks and mobile phones 
for future growth. EMS and 
ODM firms should also take 
steps to mitigate effects from 
a likely US recession," he 
urges. 

According to IDC, Foxconn 
maintained its lead in the mar- 
ket, with 1 6% of all industry 
revenues in 2007, growing by 
46% from 2006. 



JUNE 26, 2008 | EDN 95 



productroundup 



OPTOELECTRONICS/DISPLAYS 




LED constant-current demonstration board 
suits pairing up with VTM transformers 

□ This LED constant-current PRM (power-regulator-module) -regulator demon- 
stration board aims at LED applications, including street and stadium lighting, 
high-end projectors, active-outdoor advertising, and architectural installations- The 
board provides an adjustable current as high as 240 W or 5 A at 48V when you use it 
as a stand-alone, nonisolated source- You can combine the device with the vendor's 
range of transformers to provide an adjustable isolated current as high as 100 A. The 
PRM/transformer pair uses less than IW for every 1000 lumens the LEDs generate- 
Kelvin connections allow you to measure the component's efficiency independent 
of load-connect losses- The PRM-LED demonstration board costs $125. Oscillo- 
scope-probe jacks are also available for measuring output voltage, including output- 
voltage ripple- 

Vicor Power, www.vicorpower.com 



Wireless remote-control 
RGB-LED kit targets 
color lighting 

Combining the TPS62260LED 
™™ board with the vendor's eZ430- 
RF2500 development tool, the wireless 
remote-control RGB-LED-design kit 
provides a supported platform for design- 
ing color lighting suiting consumer, com- 
mercial, professional, and architectural 
applications- The board controls lamp 



color and brightness or runs an automat- 
ic color-light animation program. Three 
Osram high-brightness LEDs generate 
red, green, and blue. An MSP430F2131 
ultralow-power microcontroller controls 
the brightness of each LED using constant 
current that the three TPS62260LED 
drivers generate- The development tool 
provides wireless communication and 
plugs directly into the board, allowing 
designers to create a lightning network 
of RF-controlled lamps- Available with a 



populated and preprogrammed MSP430 
microcontroller with board documenta- 
tion, the TPS62260LED board costs $19. 
The eZ430-RF2500 development tool 
costs $49. 

Texas Instruments, www.ti.com 

Evaluation kit has 
dedicated test pin 
for DMX512 protocol 

□ Providing firmware to create 
ColorLock drivers in PSOC (pro- 
grammable system-on-chip) Express, the 
CY3263 evaluation kit includes a color 
sensor and control loop targeting the 
LCD-backlight, architectural-lighting, 
and general-signage markets- A dedi- 
cated test pin for the DMX5 1 2 protocol 
makes the evaluation kit suitable for in- 
telligent lighting networks- Additional 
features include a MiniProg; a 5V LCD; 
a USB cable; and a CD with PSOC Ex- 
press, Gerber files, and schematics. The 
evaluation kit costs $249- 
Cypress, www.cypress.com 

Snubberless triac-drive 
optocouplers have 
improved dV/dt rating 

□ Aiming at motor-control, power- 
switch, and lighting-control appli- 
cations using random-phase, snubberless 
triac-drive optocouplers, the FOD420 
and FOD4208 triac-drive optocouplers 
provide a built-in active dV/dt clamp. 
These devices provide 1 0,000 V/fisec- 
dV/dt noise immunity, compared with 
the typical 1 500 V/fxsec-dV/dt rating of 
monolithic triacs. Improving the dV/dt 
rating eliminates the need for an RC- 
snubber network for lowering dV/dt-rat- 
ed monolithic optotriac drivers. Provid- 
ing 5000V of isolation while controlling 
the power triacs switching the load, the 
triac-drive optocouplers suit use with 
the vendor's discrete power triacs. The 
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FOD420 and FOD4208 triac^drive 
optocouplers cost $1.71 and $1.89 
(1000), respectively. 
Fairchild Semiconductor, 
w w w.f a i rch i I d se m i .CO m 



Surface-mount LEDs 
claim to increase 
operational life 

□ The OP180 and OP280 surface^ 
mount infrared-LED series fea- 
tures a silicon encapsulant, increasing 
the operational life of the component. 
The OP 180 uses a high-power gal- 



lium-arsenide material with 940-nm 
peak wavelength, 0.5 -mW/cm^ ap- 
ertured power, a 20-mA forward cur- 
rent, and a 100° half-power angle. The 
OP280 provides an 850-nm invisible 
class 1 VCSEL (vertical-cavity sur- 
face-emitting laser) with 2.5-nW/cm^ 
apertured power, a 7-mA forward cur- 
rent, and an 18° half-power angle. The 
LEDs suit noncontact-position-sens- 
ing, datum-detection, machine-auto- 
mation, and optical-encoding applica- 
tions. Available in PLCC-2 packages, 
the OP180 and OP280 infrared LEDs 
cost 22 cents (1000) each. 
Optek, www.optekinc.com 

Optocouplers have 
extended operating- 
temperature range 

The EL30XX portfolio includes 
21 random-phase and zero- 



crossing triac-driver optocouplers op- 
erating over a —55 to +100°C tem- 
perature range. Features include 250 
to 800V peak blocking voltages and 
5-, 10-, and 15-mA low-trigger cur- 
rents. The vendor claims improved 
design flexibility in designs interfac- 
ing low-current dc-control circuits 
and ac-power loads as high as 380V. 
Zero-crossing versions provide added 
protection using a zero-cross-detec- 
tion circuit connecting to the gates 
of each SCR (silicon-controlled rec- 
tifier). This feature prevents current 
surge, reduces EMI (electromagnetic 
interference), and improves dV/dt- 
transient immunity. The 800V series 
claims an improved margin for con- 
trol of offline voltages of 380V. The 
EL30XX series is available in DIP-6 
packages, and prices range from 20 to 
40 cents. 

Everlight Electronics Co Ltd, 
www.everlight.com 



MICROPROCESSORS 



1 6-bit microcontrollers 
suit servers and com- 
munication equipment 

□ Part of the vendor's 16-bit 
H8S microcontroller series, the 
H8S/2153 and H8S/2164 microcon- 
trollers provide 40 kbytes of RAM and 
512 kbytes of flash memory. Aiming 
at advanced communications equip- 
ment, the H8S/2153 includes four 
unified- PC-bus channels and an LPC 
bus. The device also includes an eight- 
channel, 10-bit ADC; an eight-chan- 
nel event counter; and a data-transfer 
controller. Using a 34''MHz H8S/2600 
microprocessor core with a built-in 
MAC (multiply/accumulate) func- 
tion, the 3.3V H8S/2164 provides 
a 16550-compatible UART with a 
snoop option suiting baseboard-man- 
agement-controller applications. The 
device also features six PC-bus chan- 
nels; an eight-channel, 10-bit ADC; 
a 16-channel event counter; a data- 
transfer controller; a bus-state con- 
troller; 8- and 16-bit timers; and a 
watchdog timer. The H8S/2153 and 



H8S/2164 microcontrollers come in hazardous-substances) directives and 



lOXlO-mm BGA-112 and 16X16- 

mm TQFP-144 packages, respectively, 

and each costs $15. 

Renesas Technology America, 

www.renesas.com 



2-Mbit serial FRAM 
has a high-speed SPI 

Manufactured on a 130-nm- 
CMOS process, the 2-Mbit FM- 
25H20 serial FRAM provides a high- 
speed SPI (serial-peripheral interface). 
The high-density nonvolatile memory 
suits serial-flash replacement. Orga- 
nized as a 256-kbitX 8-bit nonvolatile 
memory, the device draws 1 mA for 
reads/writes at 40-MHz bus speeds, 80 
mA in standby, and 3 mA in ultralow- 
current sleep mode. The FRAM re- 
tains data for 10 years, has a hardware- 
and software-write-protection feature, 
claims unlimited endurance, and op- 
erates at 2.7 to 3.6V over a —40 to 
+ 85°C temperature range. The device 
complies with ROHS (res trie tion-of- 



has an SOIC-8 footprint. Available 
in a 5x6-mm TDFN-8 package, the 
FM25H20 costs $10.20 (10,000). 
Ramtron International Corp, 
www.ramtron.com 



DSC features 
16-bit audio DACs 

Six 28- and 44'pin, 16-bit dsPIC 
DSCs (digital-signal controllers) 
each include a dual-channel, 100k- 
sample/sec, 16-bit audio-DAC module. 
The DMA-enabled devices have 16 
kbytes of RAM, including 2 kbytes of 
dual-port RAM, and offer 64 and 128 
kbytes of flash memory. The DSCs pro- 
vide speech-compression libraries, such 
as G.711 at 64 kbps, ADPCM (adap- 
tive-differential-pulse-code-modula- 
tion) G.726A at 16 to 40 kbps, and 
Speex at 8 kbps. Operating over a 
—40 to +85°C temperature range or 
a —40 to +125°C extended-tempera- 
ture range, the devices also include 
CRC (cyclic-redundancy-checking) 
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PICD 



Low Profile from 

.19" 




Audio Transformers 

Impedance Levels 10 ohms to 250k ohms, 
Power Levels to 3 Watts, Frequency Response 
±3db 20Hz to 250Hz. All units manufactured 
and tested to MIL-PRF-27. QPL Units available. 

Power & EMI Inductors 

Ideal for noise, spike and Power Filtering 
Applications in Power Supplies, DC-DC 
Converters and Switching Regulators 

Pulse Transformers 

10 Nanoseconds to 100 Microseconds. ET 
Rating to 150 Volt Microsecond, Manufactured 
and tested to MIL-PRF-21038. 

Multiplex Data Bus 
Pulse Transformers 

Plug-In units meet the requirements 
of QPL-MIL-PRF 21038/27. 
Surface units are electrical equivilents 
of QPL-MIL-PRF 21038/27. 

DC-DC Converter 
Transformers 

Input voltages of 5V, 12V, 24V And 48V 
Standard Output Voltages to 300V (Special 
voltages can be supplied). Can be used as self 
saturating or linear switching applications. All 
units manufactured and tested to MIL-PRF-27. 

400Hz/800Hz 
Power Transformers 

0.4 Watts to 1 50 Watts. Secondary Voltages 5V 
to 300V Units manufactured to MIL-PRF-27 
Grade 5, Class S (Class V, 155°C available). 



i stocK^ or send direct 

for FREE P\CO Catalog 
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in NY call 914-738-1400 
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143 Sparks Ave. Pelham, N.Y 10803 
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hardware, a PPS (peripheral-pin-select) 
function, and a parallel master/slave port. 
Additional features include two ana- 
log comparators, a user-selectable 10- or 
12-bit ADC, and a real-time clock and 
calendar. Serial peripherals include two 
UARTs, two SPIs, PC, and CAN (con- 
troller-area-network) 2. OB. Four of the 
devices provide a codec interface sup- 
porting PS and AC (audio codec) '9 7 
protocols. Two of the 44'pin controllers 



offer motor-control and power-conver- 
sion peripherals, including a three-phase 
PWM (pulse-width modulator), a power- 
factor-correction PWM, and two quadra- 
ture-encoder interfaces. The dsPIC DSC 
devices are available in QFN-, SOIC-, 
and SPDIP-28 or QFN- and TQFP-44 
packages, and prices range from $3.67 to 
$4.18 (10,000). 
Microchip Technology, 
www.m icroch 1 p.com 



EMBEDDED SYSTEMS 

Digital-receiver card sup- 
ports 1 60M-sannple/sec 
analog rate per channel 

□ The rugged XMC-E2201 high- 
speed XMC (express mezzanine 
card ) /PMC (peripheral-component- in- 
terconnect mezzanine card) speeds the 
integration of high-performance signal 
acquisition into rugged deployed COTS 
(commercial off-the-shelf) VPX, VME 
( Versa- module-eurocard), and Compact- 
PCI subsystems. The device's analog in- 
puts provide dual-synchronous channels, 
16-bit resolution, and 160M-sample/sec 
analog-sampling rates. The XMC-E2201 
digital-receiver card costs $9620. 
Curtiss-Wright Controls Embedded 
Computing, www.cwembedded.com 

Single-board computer 
suits geocentric-orbit 
applications 

□ Targeting mission-critical space 
environments, the 3U Compact- 
PCI radiation-tolerant, single-slot, sin- 
gle-board S950 computer suits low-earth 
orbit. Mars-terrestrial, and geocentric- 
orbit applications. The single-board 
computer uses 13.5W at full operation, 
8W in nap mode, and lOW at limited 
performance, based on a 733 -MHz core- 
processor speed. The device allows a us- 
er to initiate a variety of power-saving 



options, depending on application re- 
quirements. The S950 costs $24,200. 
Aitech Defense Systems, 
www.rugged.com 



LED-driver boards have 
extremely low profile 

Aiming at use in industrial and 
medical LCDs, the Smart Force 
LED-driver boards provide power for high 
brightness and reduced power consump- 
tion. The SFDE economical and SFDM 
mini series feature brightness stability 
over a wide input voltage and power as 
many as six LED strings. The SFDE mea- 
sures 28.2X78.7X5 mm, and the SFDM 
measures 24-4X55.6x5 mm. The Smart 
Force SFDM and SFDE cost $12.99 and 
$15.73, respectively. 
Endicott Research Group, 
www.ergpower.com 

LAN and wireless-LAN 
devices provide machine- 
to-machine connectivity 

Based on the vendor's C02128 
Internet-controller chip, the Se- 
cure iLAN and Secure iWiFi devices 
enable secure- Internet, machine- to- 
machine communication in RS-232- 
and RS-485-port devices using LAN 
and wireless LAN, respectively. Fea- 
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tures include a high-speed serial in- 
terface, an integrated Web server, 
hardware-based SSL (secure-sockets- 
layer) -standard encryption, and fire- 
wall functions- The devices also pro- 
vide remote configuration and man- 
agement and firmware upgrades- A 
suite of Internet protocols and appli- 
cations includes TCPA-IDP (transmis- 
sion-control protocol/user-data pro- 
tocol), SMTP/POP3 (Simple Mail 
Transfer Protocol/Post Office Pro- 
tocol Version 3), MIME (multipur- 
pose Internet-mail extension), HTTP 
(HyperText Transfer Protocol), WAP 
(wireless-application protocol), FTP 
(file-transfer protocol), and Telnet- 
The Secure iLAN and Secure iWiFi 
cost $75 and $85, respectively. 
Connect One, www.connectone.com 

Dual-core VME board 
includes a 2eSST high- 
speed VMEbus interface 

□ The MVME7100 VMEbus sin- 
gle-board computer includes a 
dual-core PowerPC processor and a 
2eSST (dual-edge, source-synchro- 
nous-data-transfer) high-speed VME- 
bus interface- The vendor based the 
device on Freescale Semiconductor's 
system-on-chip MPC8641D with dual 
PowerPC e600 processor cores, DDR2 
memory, PCI-X, USB, and as much as 
8 Gbytes of NAND flash. The series 
also features dual integrated memory 
controllers, a DMA engine, a PCIe 
(peripheral-component-interconnect- 
express) interface, GbE (gigabit Ether- 
net), and local I/O. The MVME7100 
costs $5495. 

Emerson Network Power, 
www.emersonnetworkpower.com 

Simulink addition aims at 
communication systems 

□ The Communications Blockset 
4 extends Simulink with a li- 
brary of blocks for designing, simulat- 
ing, and verifying the physical layer of 
communications systems. This version 
provides blocks for designing and sim- 



ulating the physical layer of communi- 
cations systems, including source cod- 
ing, block-and-convolution coding, 
interleavers, filters, and modulators. 
The tool provides sources, including 
random- integer and binary generators 
and PN- and Gold-code sequences, as 



well as error-rate calculations, eye di- 
agrams, and constellation plots. Fea- 
tures include integration with Mat- 
lab and Communications Toolbox for 
postsimulation analysis, and a chan- 
nel-visualization tool allows you to 
visualize and explore time-varying 




/AY 




Environmentally Friendly... 
And YES, it's that flexible! 




High temperature Peel-A-Way Removable Terminal 
Carriers save time and money by replacing hand loading 
operations, and by making solder inspection faster 
and easier. Available in standard designs, and easily 
customized with multiple terminal types and unique 
footprints, low profile Peel-A-Way carriers maintain 
accurate spacing. Peel-A-Way terminal carriers can 
be easily removed or left in place for added stability. 



Visit www.advanced.com/peel to learn more 
about The Advanced® Difference in innovative 
interconnect solutions. 
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RoHS 

Compliant 



www.advanced.com 
1-800-424-9850 
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communications channels- Additional 
features include channel models such as 
AWGN (additive white gaussian noise), 
multipath Rayleigh and Rician fading, 
and RF impairments, including nonlin- 
earity, phase noise, thermal noise, and 
phase and frequency offsets. Available 
for Windows, Linux, Solaris, and Ma- 
cintosh platforms, the Communications 
Blockset4costs$100a 
The MathWorks, www.mathworks.com 



XMC uses new 
general-purpose- 
computing process 

□ Using AMD's ATI Radeon HD 
3650 graphics'processing unit, the 
Sentiris 5140 XMC (express mezzanine 
card) uses general-purpose computing 



on graphics'processing units, enabling 
computation and visualization. This de- 
vice also provides better per-watt pro- 
cessing than traditional processors, ac- 
cording to the vendor. The Sentiris 
5140 XMC costs $4085. 
Qantum3D, www.quantum3d.com 

ESMexpress-based 
module aims at communi- 
cation applications 

□ The ESMexpress-based, 1.5 -GHz 
XM50 module uses the Power- 
QUICC ( quad- integrated-communica- 
tions-controUer) III MPC8548 processor 
and integrates high-performance inter- 
faces, making it suitable for use in com- 
munication-intensive applications in 
the railway, avionics, medical-engineer- 



ing, and industrial-automotive markets. 
Accommodating 2 Gbytes of soldered 
DDR2 SDRAM with ECC (error-cor- 
recting code), the module also provides 
nonvolatile SRAM and FRAM. The car- 
rier board supports USB-flash-memory 
elements. Interfaces include three GbE 
(gigabit-Ethernet) channels, six USB 
ports with a host function, one USB in- 
terface with a client function, and three 
SATA (serial-advanced- technology-at- 
tachment) connections. The processor 
supports the PCIe (peripheral-compo- 
nent-interconnect-express) link, allow- 
ing configuration with one, two, four, or 
eight lanes. Legacy I/O interfaces such 
as COM or PATA (parallel- advanced- 
technology-attachment) allow designers 
to use the module on a standard-carrier 
board. The XM50 module costs $1432. 
MEN Micro, www.menmicro.com 
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Over 75 Application 
- 1 Engineers Provide Adhesive 
C & Protection Solutions 
^ for Any Industry 



Call 800-888-0698 or Ask the Glue Doctor 
online at www.ellsworth.com 
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Dual Balanced 
Line Receiver ICs 

THAT 1280/1290 Series 



FEATURES: 

> High CMRR: 
90dB at 60Hz (1280) 
50dB at 60Hz (1290) 



• Excellent performance 
■Wide bandwidth: >7.6i\/IHz 
- High slew rate: 14 V/jjs 

■ Low distortion: 
0.0006% THD 
-Low noise: -104 dBu 

• Low current: 

3 mA (per amplifier) 

• Several gains: 

dB, ±3 dB, ±6 dB 

•Standard pinout (1280) or 
very small footprint (1290) 




APPLICATIONS: 

• Balanced Audio 
Line Receivers 

• Instrumentation 
Amplifiers 

• Differential 
Amplifiers 

• Precision 
Summers 

• Current Shunt 
IVIonitors 





Corporation 


Analog Circuits Made Easy ™ 



Tel:+1 (508)478-9200 Email: sales@thatcorp.com Web: www.thatcorp.com 
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Embedded Modems 

It's Radicom for reliable, high-performance, 
simple to implement Serial TTL, RS232, USB, 
PC/1 04 and RF wireless modems, 
competitively priced. 





Featured - 
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lower cost, and improve product quality. 



^Radicom 



Affordable Mode 



di.com j www.radi.com 408-383-9006 x1 1 2 



z 

1 1 1 


EDN 

productmart 




For more information 


ERT 


on Inow to place 


your ad 


DVI 


in tinis section 


please contact: 


< 


ROSE MURPHY 

T: 781-734-8457 

E-mail: Mu(phyS@Reedbusiness.coff] 




Easily create and manage multi-level 
parts lists and specs, calculate costs, 
generate shopping and kit lists, print 
labels, generate RFQs and PCs and 
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arid Vendor Database 



Get the full function DEMO at 

WWW. trilogy design, com 



Trilogy Design / 200 Litton Dr #330 
Grass Valley. CA 95945/ 550-273-1985 



FlosliCore-B [FB]' 



Add embedded mass data storage, 
16-bitADCs to your product 





^Qtyl 

• 2.1 " X 2.4" , C/C+4- programmable. 

• CompactFlash interface with FAT file system. 

• 16-bit ADCs, DACs, RS232 and TTL l/Os. 

• Ultra-low quiescent current for battery power. 

50+ Low Cost Controllers with ADC, DAC, 18 UARTs, 300 
l/Os, solenoid, relays, CompactFlasli, LCD, DSP motion 
control. Custom board design. Save time and money. 



1ti 



TERN 

INC. 



1724 Pkosso Ave., Suite A 

Davis, CA 9561 6 USA 

Tel: 530-758-0180 • Fox: 530-758-0181 

www.tern.com 
sales@tern.coiTi 



JUNE 26, 2008 



EDN 101 



TALES FROM THE CUBE 



BY VADIM DEMIDOV • GIESECKE & DEVRIENT 



Theory of relativity visits 
"real-time" clock 




I wanted to test some signals in my design using a logic ana- 
lyzer. After walking around the laboratory, I found a good, 
old Tektronix instrument and its bag with data pods. But 
when I turned it on, two things were wrong. First, the de- 
vice had lost its date and time settings. Second, each appli- 
cation I tried to start simply failed with an error message. It 
seemed as though the application would start but then imme- 
diately abort. At first glance, I didn't see any connection be- 
tween the two problems. 



I needed a replacement battery to 
address the first problem, and I need- 
ed to know its type or at least its size- 
Opening the cover was no big deal, 
and, within a couple of minutes, I was 
able to access two processor boards. 
Each board had Motorola 68000 se- 
ries processors, but only one of them 
contained a coin-type lithium bat- 
tery. I measured its voltage and wrote 
down the battery type. I also traced 
the battery's positive terminal to see 
what it was powering, and I turned 
on the mains and measured a real- 
time-clock'Supply voltage. Everything 



looked fine, and I started to look for 
a clock-adjustment utility. This task 
was difficult because the utility wasn't 
on the hard disk. When I located 
the utility, I found that the date and 
time settings worked as I expected. I 
started the time-setting utility from a 
floppy disk. 

It didn't help, though. All the ap- 
plications still failed to start. Just to 
make sure I hadn't missed something 
in the clock-setting procedure, I did 
it again. Nothing changed in the 
application's behavior, but I noticed 
something strange to say the least: The 



clock ran much faster than its normal 
speed each time I started the time-set- 
ting utility. It came to its normal speed 
when I entered the correct date and 
time settings, however. So, it prob- 
ably had a good reason to come back 
to its higher speed because, the next 
time I entered the time-setting utility, 
it was again speeding up. Turning the 
instrument off for a longer period was 
helpful: The next time I turned it on, 
I saw a noticeable advance in its clock. 
The clock sped up immediately after 
power-down. 

My next test was simple: I per- 
formed all the same steps except for 
power cycling, ignoring the advice in 
the manual. Everything worked fine, 
and the picture became clear. Lower- 
ing the supply voltage of the CMOS 
inverter in the 32,768-Hz clock oscil- 
lator causes higher gain but longer gate 
delay. Now, it was possible to more eas- 
ily satisfy the phase- and magnitude- 
balance conditions for the third or 
fifth overtone than for the crystal-fun- 
damental tone. I saw similar problems 
when trying to build a crystal oscil- 
lator based on a CD4000 series XOR 
gate connected as an inverter. Once it 
enters this mode, the oscillator stays in 
it, even when its supply voltage ramps 
up to its nominal value. Only writing 
a new time setting at nominal supply 
voltage can turn the oscillator back to 
its crystal-fundamental frequency. Pos- 
sibly, it disables and then re -enables 
the oscillator when accessing internal 
chip registers. 

The next day, I got a replacement 
battery and put it into the instrument. 
Just in case someone might have the 
same problem, I sent a short e-mail de- 
scribing it to Tektronix support. From 
this experience, I learned a principle of 
relativity: You may have an application 
time out not only because the applica- 
tion is too slow, but also because your 
real-time clock is too fastlEDN 

Vadim Demidov is an engineering man- 
ager at Qiesecke & Devrient* Like him, 
you can share your Tales from the Cube 
andreceive $200* Contact edn*editor@ 
reedhusiness*com* 
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ASTRODYNE GIVES NEW MEANING 
TO POWER SHOPPING 




Parametric Spec, 
Select & Buy - 

at Astrodyne we put your 
needs at the center of our I 
business and our new 
website optimizes your 
time. Our new parametric 
search engine provides 
the fastest answers for all of your power supply 
requirements. All you need to do is enter your desired 
performance characteristics and immediately a host 
of options appear to meet your exacting criteria. 

/ 



You'll have instant: 
Pricing and ordering ability 
Engineering chat support 
Ability to modify a standard product 
Ability to build a custom product 
Registration for our free catalog - 
mailed to you or download a PDF 



So welcome to the new Astrodyne.com: it's where 
power shoppers get the most Rapid Resolution to 
their design challenges. Call 800.877.2602 

astrodyne.com 

Astrodyne 

Rapid Resolutions 



AC/DC • DC/DC • ADAPTERS • MEDICAL SUPPLIES • INDUSTRIAL SUPPLIES • LED LIGHTING • COTS • MODIFIED SUPPLIES • CUSTOM SUPPLIES 
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ZigBee® Made Easy 

Z-Accer'' Simplifies Design, Reduces Time-to-IVIarket 



The CC2480 is the first product from Tl's new Z-Accel family of ZigBee-certified network processors which 
simplifies design and reduces time-to-market. Z-Accel makes it easy to add ZigBee functionality to 
new or existing products and allows customers the flexibility to work with any MCU for accelerated 
application development. That's High-Performance Analog»Your Way^"^. 
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www.ti.com/cc2480 1.800.477.8924 ext. 4485 

Get started today with the 
eZ430-RF2480 demo kit. 



+ MCU 



Z 




Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. ZigBee is a registered trademark of the ZigBee Alliance. 2109A0 © 2008 Tl j 



